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FROM THE EDITOR 


BY DAVID J. EICHER 


hisis a big year for 
the Hubble Space 
“Telescope: 2015 marks 
its 25th anniversary. 
hope you enjoyed our 
April issue commemorating 
Hubble and all of its accom- 
plishments 
want you to know of an 
‘exclusive online story about 
Hubble with bonus graphies 
and interactive elements, 
Here is how it be 
"There remains only the 
privilege of waving the 
astronomers farewell on 
their voyage to the stars — 
in imagination riding with 
the Captain on his bridge 
down the bay tll the pilot, 
lakes us off and puts us 
ashore." So wrote journalist 
David Woodbury about the 
latest grand astronomical 
project, the building of the 
200-inch Hale Telescope 
‘on Palomar Mountain, 
California, in 1939. The 
vision of astronomer George 
Ellery Hale, the famous 200. 
inch instrument wa 
‘built, the world’s largest by a 
factor of two and helped 
revolutionize knowledge of 
the cosmos throughout 
rmuch of the 20th century. 


when 


‘The same could have been 
written halfa century later, 
when another grand project 
was about to take center 


stage. This year we celebrate 
the 25th anniversary of the 
launch and “first light” of 
the Hubble Space Telescope, 
the greatest scientific instru- 
ment ever produced for 
astrophysics and cosmology 
‘The telescope — named for 
Edwin Hubble, discoverer of 
the expanding universe — 
tragically flawed and hero- 
ically fixed, has fundamen- 
Lally changed our under: 
standing of the cosmos. But 
the story of the Hubble tele- 
scope is not one simply of 
challenge, trouble, and tri 
tumph, ILis one that explains 
why we know what we know 
about the universe 

Since the invention of the 


lelescope in 1608, astrono- 
mers have been plagued by: 
the unsteadiness of Earth's 
atmosphere, which distorts 
starlight from cosmic 
objects. As early as 1923, 
rockelry pioneers concept 
alized a telescope launched 
into space, thereby avoiding 
atmospheric turbulence, 
with its captured data sent 
‘via signals o the ground and 
assembled into information 
and pictures. In 1946, just as 
the Hale Telescope was near 
ing first Light, Lyman Spitzer, 
an influential American 
astronomer, penned a paper 
in which he examined the 


Follow the Dave's Universe blog: 
‘www.Astronomy.com/davesuniverse 


Follow Dave Eicher on Twitter: @deich 
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New online 
interactive 
features! 


advantages and challenges of 
a space-based telescope for 
the first time. 

Is the Hubble telescope 
realy that big a deal? “From 
the time it was conceptual: 
ied, it was clear that Hubble 
would revolutionize our 
view af the cosmos,” says Avi 
Mandell, a planetary scien 
Uist. “The exquisite stability 
and clarity of Hubble's 
images combined with the 
ability to view the universe 
at wavelengths of light that 
are unavailable to observato: 
ries on Earth make Hubble 
by far the most powerful 
telescope available — even 
25 yeats after its launch! 

You can read the entire 
Hubble story at www. 
Astronomy com/hubble2s. 

‘We have two other online 
features. You ean find “Why 
wwe should take the asteroid 
threat seriously 
Astronomy.com/asteroids 
And “Jim Lovell and the 
Apollo program: Houston, 
we've had a problem" tells, 
the story of Lovell’ experi- 
ences with Apollo 8 and 
Apollo 13. Explore his 
adventures at www. 
Astronomy.com/lovel. 


Yours truly 


(Qo 


David J. Bicher 
Editor 


Astronomy 


Senior Graph eigar Chock eh 


1b aman Aen lc en Cio Mar Geo, 
Tonos tangents hen ay para 
‘ier Ling Sead Super nes Ours ar aia, 
than it ihe eyes Seen eps ae 
‘ak Sly ree sh 

zr Ain. Mac arn ety ei Ne gpa 
‘ments agri Ge Cee arm 
amar, alae ke Xin edna 
Sse Maan yA Str vs 


ant iting 
We resident. Etoral Pubtaher Kvn ce 
Sree, 
Se eer 
copier nennecy 
en ae 
Soret 
tee nara 
ferrets 
eames 
oo 
eee 
ute andra 76478. 818 
See 
S... 
eae as 
Pas 
eel 
ee 


Eee aa 


Follow Astronomy 


vy & SE 


erwinteon! wwelueon cn! pleco 
neem tonnage soneaymagae 


INDONESIA 


Total Solar Eclipse 2016 


enjoyed owning anything m 


than my Tele Vu 


LIMITED SPACE 


Eclipse Expedition is Because We Aim to Please! 

led by For over 30 

Dr. Donald Goldsmith and eusing on asngular tage 

University of California 
Berkeley than you in 

vide a as exquiie in 


And howe doe scare with our valued custom 


1-800-276-1168 ray amazing. ae 


best quality available, WOM, uncomp 


www.EclipseTraveler.com See thee warranty card 


created eyepieces 


ven be 


oducts pro 


ores. 


1, beautiful, work of art, exceeded expectations bya mile 


"ee a 
idee con 


erlaives 


Oceanside California 


Have your questions answered by the experts 
from dozens of exhibitors 


More than $35,000 in Raffles and Free Giveaways 
Fun activities for kids of all ages 

Special one day only pricing 

Support a deserving nonprofit astronomy organization 


For moreinformati 
800.483.6287 
optscae.com 


Vixen Telescope Rebates! 


VMC200L Reg $1099 NA1403S Reg $1999 
Rebate $ 200 Rebate § 400 
Now $899 Now $1599 


VMG200L Reg $3499 R200SS Reg $1999 
Rebate $ 500 Rebate $ 300 
Now $299: Now $1699 


‘Vixen has been making high quality telescopes for over 65 years. Meet eaeernes eiclibe liver great views for both 
the visual observer and the astrophotographer.. The Quad element NA140SS is newly redesigned with all Japanese optics for bright 
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SN a 


TAKE THE UNIV RSE 


ASTRONOMY’S with you 
DIGITAL EDITION lets you: : 


yoo 
Link to website content, blogs, advertises! websites, sudio, and video. % 
Zoom in and magnify to see all the details of Astronomy’ stunning images. Ast ronpigy 


Toke your issues with you whereveryou go—= nd save on sowse space! =» Top 10 * 


space stories 
of the year 


ASTRONOMY.COMPDIGITALSUB 


‘OB 


B ASTRONOMY «JUL 


EVERYTHING YOU NEED TO KNOW ABOUT THE UNIVERSE THIS MONTH 


HOT BYTES>> ALAXY fevers und vo 


[bight sptinoneot 


Ag ew facings how that 125i 200k) Cotes caters may be 
ENDING the Milky Way maybe sarsfrom an astra S plume of utgaing 
Sb percent anger han that mpaciedEarth over ‘matrleappear in 
7 previously estimate, 300milion yearsagoin Images before thecater 
tit ge scales Conta Austral foe eats nt i 


Thisartt' sketch shows Kepler, the fst clecovered system of exopanets with mulple planets orbiting two-suns whlch lsat dtance of 4900 ight yeas 


SNAPSHOT Not long ago, the dream ofdis- accelerated. By the late 1990s, _exoplanets, has sampled only a 
covering how common planets doubts about the abundance of small area of sky and toa slight 


Exoplanet tibia te amtvceesaitianiy. . ploktsin teeiley WEpteAA\ cain? Mewghon ooebalery 


Once astronomers found the inference, in the hundred billion Yet that fact is amazing and 


first incontrovertible evidence galaxies throughout the cosmos. makes our lives even more con: 
for planets around another star, The Kepler space telescope, the nected to the cosmos at large 
more candidates. hhowever, the rush ofevidence leading tool for discovering ——-— David Eicher 
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secall the frst time that and randomly changing the prop- | unguided, blind algorithms are |_ that satisfies these conditions, 
T saw the famous movie erties of existing russes. Second, | revolutionizing our approach | life evolves. Logically, life can't 
of the windy November itcan compare trusses and tell | to the shapes of airplane hhelp but evalve! In one sense, 
‘morning in 1940 when the | better from worse. Armed with | wings and turbine blades, new | engineers who employ genetic 
‘Tacoma Narrows Bria no other tricks upits sleeve, the | molecules for industrial and algorithms to evolve technolo. 
connecting Tacoma and the computer marches along, blindly | pharmaceutical uses, pattern | gies are doing something new. 
Kitsap Peninsula across Puy turning the erank: recognition, communications | But in a deeper sense, they are 
Sound in Washington, ore Step 1: Makeanew genera- | networks, investment strategies, | returning engineering to its 
itself to pieces. There she was, | tion of trusses by shulfling and | cancer treatments, and hun: roots, tapping the power of the 
‘Galloping Gertie" as the bridge | making random changes in the | dreds of other applications. ‘mindless algorithm that has 
was known, wildly bucking and | previous generation. ‘At their core, all of these been shaping life for almost 4 
toring in a 40 mph (60 km/h) Step 2: Evaluate the new applications have two things in| billion years 
wind. Then, suddenly, inamat- | trusses, and toss the ones that | common: (1) the better an item The public discussion of 
ter of only a few seconds, the | don’t work so well, perforins, the more likely its biological evolution is unde- 
third-longest suspension bridge Step 3: Repeat, Again,and | properties will be retained; and | niably muddled. In part that 
‘ever built atthe time was no again, and again (2) when surviving properties | is because people tend to 


more! To this day, the Tacoma 
Narrows Bridge remains a 
textbook example of engineer- 
ing gone wrong, Structures are 
subject to vibrations, and if you 
aren't careful, those vibrations 
‘ean spel big trouble, 

Enter Professor Andy Keane, 
‘The year is 1994, and Keane and 
his colleagues at Southampton 
University in the UK are work 
ing to design a much smaller 
bridge — a truss — that is 
as vibration-free as possible 
‘They aren't worried about 
the extreme oscillations that 
destrayed Gertie, but they do 
‘etre about the slight vibrations 


approach it from the wrong 
direction, Darwin's voyage on 
the Beagle deserves to be the 
stuff of legend, but if you want 
lo understand evolution, forget 
about finch beaks of fossils, 
Instead, talk toa working, 
engineer who is using genetic 
algorithms to evolve a truss 
‘Once you've wrapped your 
head around how and why a 
truss gets so good so quickly 
you have the understanding 
you need to approach evolu: 
tom as scientists do, You can 
use that understanding of 
evolution to make predictions 
about the world and then see 


that would ciples delicate | [ae whether those predictions hold 
instrument like an astronomi- | TheTacomalaromBhdgecolsrets Wa eriockcvecfaledengneeing. | true. When you do that, you 
cal satelite, They start witha discover tha the predictions 
traditional design, but tha’ Ten generations and over | are passed on from one gen- | of evolution ae in remarkable 
where tradition ends.tnstead | 1,000 virtual trusses ater, the | eration tothe nex, variations | accord with ll that we se. 
fusing heir knowledge and | computer'sbesteflrtislop- | oceu. As long as thee two con- | From the fost record othe 
insight to improve the design in| sided and twisted and irregu- | ditions are met properties will | common chemistry of lif, to 
clever ways, they metaphorically | lar Itlooks more grown than | evolve from generation togen- | the shared structure of di 
throw intelligence out the win- | designed. Nobody understands | eration as items become better | ferent species — and nov to 
dow. They hand thejob over to | itorhas the faintest clic how it | and better sulted to their task. | pharmaceutical, et engines, 
acomputerand then kick back | works. Butt does work It works | By the way life satisfies these | and bridges — we lie ina 
and wait to see what happens. | very well The vibrations have | two conditions. When evolu. | world crafted by evolution’ 
Thecomputeritelfiskept | been improved by more than | tionary logis talk about | unguided hand. 
intentionally dumb. Itdoesnt | 20,000 percent! the ist condition, they call 
know anything about engineer- ‘Keane was not the first to. it “selection.” When they talk Jeff Hester is a keynote speaker, 
ing design principles tonlycan | take this approach toderigo, | sbaut the seco contin, ouch, and astrophysics, 
doo things. First itean make | and he certainly wasnt the they call t~heredity with varia ola his thoughts at 
new virtual trusses by combining | last. Two decades later, such tion.” And like any other system delenecie com 
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1G 
STRANGEUNIVERSE 


BY BOB BERMAN 


FROM OUR INBOX 


| 
| Are there aliens out there? 
Send astronauts | 2.23 eee 
| insult not only to those having the opposite view, but also to 
to Zappafrank eee cee es eat ate 
Saha eater oa 


Exploring how we name the universe. 


elebrites know that | TAUiisalone empowered to name | Cleverness)or weather phenom- | smashed into, Comets are the 
rnameshave power. | the contents of the cosmic super- | ena (Ocean of Storms, Sea of ‘only objects named for their 
‘That's why Robert | market. Newly found mountain | Clouds). Features on the lanar | discoverers, who then become 
“Zatomerman and chains, craters, and thelikefol- | backside have Russian names, | the sole authority on the pro- 
Cherilyn Sarkisian | low the LAU'sstrict guidelines. | the embarrassing result ofthat | nuncation. 
decided to call themselves Bob | Is rulesfillpages and pages. | countrys Luna 3 arriving there “The floating Rorschach tests 
Dylan and Cher. Yet litte poetry | Consider few of Saturn's moons. | firs, in 1959. As for Full Moons, | ealled nebulae do not gener 
for tateliness was employed when | Different feature typeshave | TV newscasters sometimes urge | ally receive new names. But we 
itcame to naming the universes | diferent naming requirements | viewers to wateh the upeoming | retain the labels bestowed in 
contents. Indeed, astronomy fon Titan, For example, craters are | “Wolf Moon" or “Strawberry | olden times. Long ago, someone 
possesses the most inconsistent | named for gods of wisdom, while | Moon.” But only the Harvest thought one gas cloud looked 
nomenclature inallof scence. | mountain peaks come from). | and Hunters Moons are official | ‘ikea dumbbell from the weight 
Here's primer for newbies — | R.R Tolkien fictional Middle- | names. The Zor 13 yearly Full | room atthe local gym, a place 
andarelresher for the estofus. | earth mountain ranges. All| Moons labeled by various Native | not generally frequented by 
“The brightest stars enjoy features on lapetus mustbear the | American tribes are contradie- | astronomers. The “Dumbbell 
proper names, though just a names of people and places from | tory and mostly ignored, like | Nebula label stuck, as did the 
few dozen remain in use today. | Dorothy Sayers translation of | this month's Buck Moon, results of early astronomers 
Some have punch, lke Sirius La Chanson de Roland. Those on | Asteroids areanother story. | saying, hey look at that: An 
and Arcturus. Such namesalso | Rhearmustbe people and places | They started out derived trom | Eskimo! And there's a Crab! 
serve to recall ancient mytholo- | from creation myths, while ones | Roman and Greek mythology As forthe universe's largest 
fies. Medium-brightstarsare | on Mimasmusthe peopleand | butthen changed over toa free- | structures — galaxies — some 
referenced by adiflerent system | places from Sir Thomas Malory’s | forall, with names proposed by | 200 billion ae visible and 
created in the 17th century, millions cataloged, but only 
when 1,564 stats got mostly CRATERS ON EROS ARE LABELED FOR ‘couple dozen are named, 


Greek letter designations, like 
Gamma (7) Avietis, 


“MYTHOLOGICAL AND LEGENDARY NAMES jinn tic sha ee 


‘The majority of stars — over OF AN EROTIC NATURE.” Galaxy), an injury (the Blackeye 
a millon Have been cataloged Galaxy), and a tobace product 
—temain tinnanied o at best Le Morte DArthurlegends, spe- | the discoverer and approved by | (the Cigar Galaxy). But the vast 
prwsets long strings oflcense | cifically the 1962 Keth Bales | the TAU. Only percent of um- | majrty merely have nummer 
Plstelieletersand number. | trandallon. And onitgoes, No | beredasteroshave names, a | deignaion ike NGC6217. 
Thestar orig theblack hole | moviestarsorcartoon characters. | motley assortment af people and | Obviously there's a sizeable 
Cygnus X-1is HDE226868 but | Moons named blore the AU latives You fied | gupbetween the cosmar’ inept 
Alb called BD134 3815. arvivedon the cene display an Fenny (aeJohony | tational contents and its odd or 

Move to the planets (beyond | enjoyable inconsistency. The | Carson) and 3834 Zappafrank. mundane labels. Few beginners 
cus and we get the eames of | martian saeliter Phaborand | -Malastream seats were woul he inepred upon hearing 
Roman gods although Uranus | Deimos ihe Greek penoatica- | favored, butnot controversial | afa“B ring” or galasy “NGC 
came from the Greeks Asfor | tonsoffear and dread respee- | orunpopularones Classical | 205" nthe “Local Group” 
Planetary fetures major ones | tively) tke the “mast depreatiog” | stead are there one Nonetheles, this hodgepodge 
fpertKlodergatenlbelstike, | prime. Ununt® moansare modtly | Eton Crates on Erosare labeled | yatem isnot going to change, 
Neptune's “Great Dark Spot” | characters feo Shakespearean | Sor“niythalogialandiegend- | and even has strange appeal 
and jpiter'"Great Red Spot” | pays which iewhy thereare | ary names of anerotic nature” | ite shared by other scence 
utsmaller features lke val- | actuleclestial bodies tamed | How did that eaepory makeit_ | Asastronomers, we flection 
eye possess dleparate mind | Pack and fle through the stodgy AAU council? | aly know tht its ours lone. 
iursbing designations. Whe's | AsforourMona, many ot | Mute been aate-ight eson, 
responsble fo that? the da blotches o¢ seas are | Meteor showert are named Coats abot 

“The International Astronom- | bizarrely named for emotions | forconsellations, meteorites for | Y.Hringe univers by visiting 


} hhttp:/skymanbob.com. 


ical Union (AU), that’s who. The | (Sea of Tranquillity Sea of whatever place on Earth they 
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thot interacts wth ef 
ven es than previously 
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DARK MATTER EVADES ... ITSELF? 


ver since the “missing mass problem’ 
came to the forefront of galaxy stud 
ies in the 1930s, scientists have been 
looking to answer the question of 
dark matter. They can't see it in any part 
ofthe electromagnetic spectrum, but they 
‘can infer its existence based on the grav 
tational effects it has on the surround: 
ing universe. Because of is mysterious 
properties, astronomers spend most of 
their time trying to determine what dark 
matter is by eliminating what it ean be. 
In a recent study of 72 galaxy cluster col 
lisions, published in the March 27 Science, 
a team led by David Harvey ofthe Ecale 
Polytechnique Fédérale de Lausanne 
in Switzerland has narrowed dayra the 
options in a surprising find, 


‘We know how gas and stars react 
to these cosmic crashes and where they 
‘emerge from the wreckage,” Harvey say 
“Comparing how dark matter behaves can 
help us to narrow down what it actually 

is" What they found when studying these 
collisions with the Hubble Space Telescope 
and Chandra X-ray Observatory is that 
the dark matter didn't slow down with the 
impacts, meaning the particles interact 
with each ther even less than previously 
thought. Such a characteristic rules out 
dark matter particle candidates that have a 
strong frictional force. 

“There are still several viable candidates 
for dark matter, so the game is not over 
says Harvey, “but we are getting nearer to 
fan answer.” —KariFeron 
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BRIEFCASE 


DOMosT STARS 
HAVE HABITABLE PLANETS? 
Jupter’tree inner means havea distinct one, to, 
furor resonance The planetshavea silat es 
‘nance around the Su, as noted by the Tue Bode 
Taw. This concept was used to correct predict the 
bi of Uranus thought fled opin down 
Neptune) Astronemer apple his simple ramework 
tothe Kepler spacecraft s exoplanet catalog and, by 
filing nthe blanks wth the Tite ode aw, showed 
‘most knot slr systems could have planets orbiting 
Inthelehabable zones, Their workappeatedinthe 
"Ap 2 sue of the journal Monthy Notes ofthe 
Royal Astnamial Sone. 

YOUNG EARTH BLANKETED BY IRON RAIN 
Why does Earthhave so much ro spattered across 
‘ante whe the Moan has slit? Astronomers used 
the Sandia National Labs Z machne to unravel ths 
tong standing mystery The research appearedin the 
‘Apri Nature Geoscience. stead of aving in ge 
bobs fom asteroids they found that ron could be 
vaporized on impact and spread out, blanketng the 
Planet and raining down in droplets. 

(ODD GALAXY A SHORTCUT 
TO COSMIC ORIGINS 
Heavy elements ae extremely scarce ina relatively) 
nearby dart galaxy wth an unfortunate name, 
auch 18, according to apapar published March 10 
in The Atophysal Jounal etter It hae abundant, 
hydrogen and helium, but fw metal. That makes 
itsimarto aur universe's ist galaxies anda good 
proxy for studying tose very fi land univers, 
‘tend attonamers think upermasive stars 
Int 2 might be the hey to understanding its 
Strange composition, but they've et ose such 
monsters direct. Ere Betz 


LUNEXPLAINED LIGHTS. NASHs MAVEN spacecraft, 
watched "Christmas ight for tve daysin 201 


MAVEN sees mystery Mars clouds 


Itt take long. NASA's MAVEN spacecraft 
reached the Red Planet in September and spot 
ted dust clouds and aurorae at altudes that 
defy current Mars knowledge, 

Scientists say the thin dust Is seen at orbital 
altitudes between 93 and 190 miles (150 and 
5300 kilometers) and has been there since 
[MAVEN arrived, The clouds may have farmed in 
the atmosphere, been swept up from the su 
face, or even gotten stripped from Mas’ moons. 

NASR also caught five days of "Christmas 
lights"in the run up to December 25. The bright 
Ultraviolet glow of aurorae spanned the planet's 
entire northern hemisphere and followed a 
surge in electrons streaming off the Sun. —€.B 


NEWS sincee centaur. ciconwasthe tt identiied centaur wth au 
ting debris, which might b 


RURORAE. QUICK TAKES 


Astronomers 


deed the ECLIPSE SCIENCE 
interactions | jade fom the stunning visual 
between ‘tea stronomers use the 
Juptersand | aren 20 toa solar ecto 
‘Ganymede’ ‘study the Suns corona and 
auraetodis- | obearve the ecipse's effect on 
‘overan ocean ath weather 


nen 95 Py 
niles (150k) TEAM ROCKE 


beneath the ‘he rocket boostar thats 


25 years ago Paateel Intended for NASAS Space 
i ss | atch System and Orion wat 
in Astronomy 


Seta “ce 
Sewanee | Inner ocean hides in outer solar system | scene, 
erence 


traveling 262 miles 


In research published online March 12 New ultraviolet time-series observa Paseo pred 


inthe JournalofGeophyicol Research: tions fram Hubble delivered the long: 


Marsand Venus were, "yeas. 
Space Physics astronomers delivered the awaited proof Garymede’s magnetic field 

Pe cieopried ftstobservainal evidence that pits iscomplicated because ties within sn is . 

expeditions orhow ns i levust 


‘moon Ganymede hasa vast underground affected by Jupiter's stranger magnetic 
‘ocean. Ganymede, the largest moon infield, causing the aurorae to "cack" by 2 
thesolar system, is also the only moon to Hoviover a solid Ganymede should show 
hostits own magnetic field causing aura- a stronger rocking effect of 6. The rack 
rae that were the key to discovering the ing could be damped ifa counter field 
secret sea, These aurorae have been spot. were induced by Jupiter's magnetic fel 
ted before on Ganymede, and an ocean the magnitude ofthe damping would 


enigmatic lo and Titan 
were before Voyager. 
Everywhere we have 
been we have learned 
that Earth-based st 
ies nomatter how 


Roeett's SIS team found 
Dlushrefleesonsatound the 
neck region of Comet 67/ 
Chuyumor-Gerasmeno, pos 
Sil incating waterice 
ised wth the surface dst. 


sophisticated, necesar key based on models but there require a60-mile-deep (00 kilometers) Som 
Seemed likely Based on models, but there requires 6D-ile-deep (10D klometes) eee 
ily underestimate the | vant enough datafor astonomersto do Underground saltwater ocean to cary the | Naw seats fom ALEX 


richness and diversty 
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properties awaiting us” 
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‘more than theorize. ‘opposing force. — Korey Haynes show that eran ype la 


supernovae, often called stan 
dar candle for thelr pret 


New Horizons zooms 
past Pluto this month, 


seagen-crm | Protostar hits growth spurt inca, oe rae sanded 


than athe. 
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red 7000 earth’ worth 
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Pf remnant Sagitarus Aas 
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l0yearsago | pincers 
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2005 cover story 
Gelved into the many 
“microworlds or 
moons, that inhabit 
ur solar system. 


‘he Chanda ray Observatory 
revealed hot gas blown out 
fram back noe fling back 

TEMPER TANTRUM. Within ust afew years, HOPS 383 grows dramatically hotter in Spitzer inf | onto the blcchole. Ths pro 

redimages changing fam next invisible super bight. erie called coxmie precpt 


on and can tigger ott 
Aish science writer | A j0,year-cldcatalog of Spitzer data other telescopes. Between 2006 and 2012, | —ndsutoffstrtrmaton 
Jacqueline Garget Pointed the way toward a surprising stel- HOPS 33 brightened by factor of 35 

wealked readers Fareruption.the young protstar HOPS and remained bight. Te team atibutes air sins 
through the at 353 sstllin the fststage of cllapsing, this ore-up to instabilities in the disk, Atonamers fund» planeta 
tstfings from the Surrounded bya hick dskof dust nd which cause large mounts of meteralto | thequupe state 30 
Huygens probe'sfist | Gos andasyetisunableto fusetydre- fallontathe protestar This in turn causes |" Arats Mss the second 
lookbeneath Ttan's | gen the anadultstar fternoting t_thestar ath to brighten and heat planet fond ob fur a, 
Vellandchancesef | BehavingstrangeyinSpitzer mages, sk They published teirfindings in The | “Indexing such systems may 
iteonturopa—E.8 | astronomers calected data trom multiple Astrophys url February 10.— KH. becmmon KA 


OBSERVINGBASICS 


BY GLENN CHAPLE 


Stellar time 
machines 


Add the stars of surnmer to your time travel escapades 


amy January column, around the time Vega launched 
“Time travel,” Ispelled out | the light currently raining 
the distances to the bright- | down on our planet. Since then, 
est stats of winter, not just | Hubble has traveled more than 
fn light-years but in worldly | 3 billion miles (5 billion kilo- 
events that occurred when their | meters) in Earth orbit. That's 
light began the journey earth- | impressive, until you consider 
ward. With summer in full that Vega’ light covered that 
swing (at least in the Northern | distance every five hours. Warp 
Hemisphere), let's take a trip drive is still along way off! 
back in time with some Ist- Arcturus (37 light-years): 
‘magnitude stars currently vis- |The light were receiving from 
ible in northern skies. Arcturus left during the summer 
Altair (16.7 light-years): of 1978, The Pioneer 11 space 
youre a member of the college | craft had passed Jupiter 3% years 
graduating class of 2015, Altair | earlier and was one year away 
has been your guiding star from its Saturn encounter. Back 
throughout your learning years. | in 1933, Arcturus made head- 
"The ight you see left its surface | nes when its light was used to 
in late 1998 when you were turn on the beacon that opened 
about to enter kindergarten and | the Chicago World's Fait. The 
touched down on Earth as you | choice of star was hardly ran- 
received your diplomal Space | dom; astronomers atthe time 
enthusiasts recognize the latter | thought those photons had left 
partof 1998s the time when | Arcturus at about the time of the 
construction of the International | previous Chicago fair in 1893, 
Space Station began. Spica (250 light-yea 


Vega (25 light-years): few | Gaze at Spica, and your eyes are 
‘months ago, Astronomy devoted | taking in light that left during 


fan entire issue tothe 25th anni- | the mid-1760s when friction 
versary of the Hubble Space between colonial America and 
‘Telescope, launched aboard | England was on the rise. In 


the space shuttle April 24, 1990, | France, comet hunter Charles 


FROM OUR INBOX 


Cool things 
Congratulations on your 500th edition of Astronomy (March 
2015), The “500 coolest things about space” was a great idea, 

1 give monthly slide presentations at the local observatory 
‘open houses for our astronomy club's outreach programs. I've 
been reading your magazine and taking notes for over 20 years 
‘The notes are saved and used to supplement my talks. These 
litle facts are what keep my programs interesting. Now, thanks 
to you, Ihave more “coo! things" to present to my audience. 
Tom Rusek, Abeer Maid 


Messier was busy compiling 
1 catalog of nebulous objects. 
Wolfgang Amadeus Mozact, still 
a child, had already composed 
his first symphony. 

Antares (550 light-years): 
Asis the case with winter's 
remote stellar luminaries 
Betelgeuse and Rigel, the dis- 
tance to Antares isifly. If we 
accept the parallax data gath- 
ered by the Hipparcos satel 
lite, Antarean light left around 
1465 during the European 
Renaissance. Christopher 
Columbus and Leonardo 
dda Vinci were teenagers embark- 
ing on paths that would lead to 
their history-making accom- 
plishments as world explorer and 
artistinventor, respectively. In 
the Americas, bth the Aztec and 
Inca empires were flourishing. 

Deneb (1,425 light-years): 
When Deneb’s light left dur- 
ing the latter part of the sixth 
century, the world was a battle 
ground as tribes and kingdoms 
waged war with swords and 
bows and arrows, Civilization 
has come along way during the 
intervening centuries. Today, we 
use tanks and guided miss 

‘After reading my January 
column, several readers emailed 
toask if was familiar with the 
YouTube elips "Dr. Clay's Time 
Machine, parts I and 2,” based 
fon a lecture given by Dr. Clay 
Sherrod in 2011, Had I stolen 
his idea? Nope! The concept for 
the article came from a practice 


Vd been using at public star 
parties for years to express star 
distances in a more meaningful 
way. [picked it up after attend: 
ing a lecture at an astronomy 
‘convention back in the mid. 
1970s. The speaker, the late 
astrophotographer Ben Mayer, 
related how his interest in 
astronomy was ignited upon 
learning that the majority of 
‘stars in the Big Dipper are 80, 
light-years away. His grand- 
mother had recently passed 
away at that age, and when 

ng at these stars, he real- 
ized that their light had been 
traveling across space during 
ther entire lifetitne. 

Unfamiliar with Shervod's 
lips, Tsat down atthe com- 
puter to view them for myself 
“To be sure, he described star 
distances much the way I had. 
But he took my stellar time 
machine article toa whole 
new level by adding the solar 
system, Milky Way Galaxy, 
neighboring and distant galax- 
ies, and the outermost reaches 


of the universe. On the next 
cloudy night, hop aboard 
Sherrod's Delorean (a nod to 
Professor Emmett Brown's time 
machine in the 1985 film Back 
fo the Future) and take a “blast 
to the cosmic past.” I's an hour 
wel spent! 

Questions, comments, or sug- 
‘gestions? Email me at gchaple@ 
hotmail.com, Next month: Here 
‘comics the Sun! Clea skies! op 
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ASTRONEWS. xitusmisc;nosen. anew campaign soto for aeninelignce 
AD signals in the infrared, saw first light at Lick Observatory on March 15. 


HOW FAST ARE SPACECRAFT 
TRAVELING, RELATIVE TO THE SUN? 
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NEED FOR SPEED. The ve NASA spacecraft on escape trajectories le the solr system at ferent speeds 
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Hydrothermal vents brew in Enceladus’ ocean 
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Ey 1400HD 
Last year tiny variations in icy ring. Laboratory experi- off the moon's surface, These Ef N 5 
thetig on NASA Cassini” mentsshowed hat hese par. tendriscan reach tens of thou | g 
spacecraft revealed an ocean ides ere Ike created deep sands of mils fom Eneeacis Hy 5 
Beneath Enceladus icy shell. down inan ocean unde tem” “WeVvebeen able to show that 
Scientists deduced hat the peraturesthat could each each unique tend structure 


the saturnian moon's oceanis 194" F(90°C). These coneltions can be repreduced by particular 


around 6 miles 10klometers) would be similar to hydrother- sets of geysers on the moon's Woodland Hills 


deep and covered by ice that mal vents on Earth called black surface,” says Cassini imaging 


teaches anywhere from 19to smokers, where entire ecosys- team associate Colin Mitchell Telescopes 

25 miles (2Oto 40 kr) thick. temstivive on chemical energy Cassin team members say 

Now astronomersknow that deep inthe ocean that Enea’ potent to 5348 Topanga Canyon Blvd. 
neatonemetohjctemal astinoresasoemneunced’ get fr the son fia yer Woodland Hills, CA 91364 
vents. In March, scientists pub they havetraced the source ef andscienist plan to make Mon-Sat: 9am-6pm (ST) 
lished anew analysis focusing longicytencristhat stretch extensive observations ofthe Toll Free (888) 427-8766, 
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Enceladus feeds into Saturn's groupsof geysers erupting andtendril. e.g, Fax: (818) 992-4486 
See 
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STATION SWITCH. On March, three new space trav 
stronaut Scott Kelly and cosmonaut 


Station 


'SMASH BROS. Ina new theory, Jupiter orb 
Shown in whit) migrated inward pushing a swarm 


tf space racks an eccentric ots urquo! into 


the ath of oven planets yellow, where they 
colided and were destroyed nena, 


Jupiter came in like 
a wrecking ball 


For decades, astronomers have had trouble 
modeling exactly how our solar system 
Could have formed, it doesnt resemble 
the exoplanet systems observed by Kepler 
and other surveys, and most simulations 
have eliffculty explaining the racky planets 
masses and positions. A model called the 
Grand Tack scenario posts that Jupiter and 
Saturn could have formed at some orbital 
distance an then spiraled in toward the Sun 
and back out again due to changes inthe 
{gaseous disk ofthe early solar system. They 
would have shepherded a cloud of rocky 
‘debris in with them, abandoning it roughly 
round Earths orbital area when they 
‘moved out again, This explains some pecu 
lant ofthe solar system, but not all 
‘Astronomers from the California nsttute 
of Technology affera new theory, published 
inthe Apri 1 esue ofthe Proceedings the 
Notional Academy of Sciences, that expands on 
thismodel. They suggest thatthe earl solar 
system also contained a herd of super Earths 
at close orbital distances, as commonly seen 
in exoplanet systems, Jupiter and Saturn's 
abandoned swarm of debris, et on highly 
eccentric orbits, would only take about 
20,000 years to systematically smash into and 
estroy the super Earths, sending the remains 
plummeting into the Sun. The leftover mate 
Falat safer distances would eventually form 
the rocky planets that remain today, so that 
the new theory neatly explains both our 
‘modem solar system's appearance and its 
lack af resemblance tothe exoplanet systems 
we observe eleewhere in the galaxy. — KH. 
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MESSENGER’S 


END BRINGS IT UP 


CLOSE WITH AN 
ACTIVE PLANET 


The firs spacecraft to orbit the innermost 
planet ran out of fuel and erashed on April 
30, following a series of planned maneuvers 
that brought it closer to Mercus 
than airplanes fly on Earth, MESSENGER’ 
final daredevil skims showed scientists 


fresh evidence that this Sun-scorched world 
isnot entirely dead, 

‘Among the close-ups were scenes of ice 
deposits in crater shadows, linear fault 
scarps formed as the planet shrinks, and an 
abundance of strange depressions that 
pockmark the surface across anywhere 
from a few dozen feet to several miles 

“These features, iven the name hol 
lows’ were a major surprise because while 
wwe had been thinking of Mercury as a relic 
—aplanet that wasnt really changing any- 
more — hollows appear to be younger than 
the planet’ freshest impact craters. This 
finding suggests that Mercury isa planet 
whose surface is still evelving,” says 
MESSENGER scientist David Blewett of 
Jobns Hopkins University. The team sus- 
pects the hollows form as something in the 
rock sublimates, which typically happens 
when a substance changes from an ice toa 
g28 without melting into a liquid 

‘When MESSENGER arrived at our solar 
system's inner frontier in 2011, much of 


HOLLOWED GROUND. Close-up views of myste 
‘us halo show a lak raters mpying he fa 


{res are faryoungerthan the rest ofthe sue 


FIRE AND ICE, This color-coded mage ed ichot 
and blue cod from NASR MESSENGER spacecraft 
Shows the incredible temperature contrast between 
Sumlght and shadow on Mercury which can each 
hundreds of degrees, 


Mercury was still a mystery because space. 
craft had imaged less than half its surface 
Scientists hoped to find out how the planet 
formed and explain why it has-a magnetic 
field when Mars and Venus de not, 

‘Thanks to more than four years and 
4,000 orbits, scientists have naw mapped 
Mercury's entire surface and gathered more 
than a quarter-million images. Xray and 
gamma-ray spectrometers on board allowed 
{or the first global geochemical maps of 
surface composition, deciphering the plan- 
ets history of impacts and volcanism. And 
MESSENGER’ instruments watched 
‘Mercury's diminutive magnetic field grow 
and shrink in response to the active Sun, 

‘One big question still remains: How did 
‘Mercury get its large iron core? 

‘Mission managers initially expected their 
spacecraft to make its final plunge sooner 
Butin March, NASA extended that demise 
bby:a month, pushing MESSENGER’: D-day 
‘ut tothe end of April. Astronomers hope 
that the lst weeks of high-resolution images 
will uncover new secrets as to how the inner- 
‘most planet formed and evolved. —E.8, 


PARTING SHOTS. Long ute-Ike gules inthe 
"Heep wall of vleanicventon Mercury inthis high 
Fesoltion image rom NASA MESSENGER spacecraft 
Without the final low altkude mission phase, cose 
Ups tke these would nat have been pose 
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MATHEMATICAL MOVEMENT. German math 
‘matician Johannes Kepler thie lw of planetary 
maton ia elationship between the orbiting 
bee’ period of evolution an its semimajor ax 
Textbooks usualy state the reltionshipasP=ta 
where isthe object's period, sts semimajor ks, 
Indie a constant. sonar sass naen 
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histori outburst was 
infact nota net tar 


Butte restore The Greatest Southern 
eraeraf testa Sky Experience 
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nova finally solved exclusive and ge 
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arta vetcing sag moderate Seerets of Chile {BIMPhot 

fogs label & Nova Vu 1670, sents adit with Bob'Berman = 

that propertes didnt fa typical nova, and senantenciocen.tom 

they were unable to find 3 remnant the area 

ofthe outst unt 182, What could 7th High Point Scfentic 

Century astronomers have seen? 1,800:266.9500, 
‘Recording to research publshedin the Api wo highpoiniscintife com 

1 ssueof Notre, cientsts now conch that 

the best explanation arate merger of two - opt 

stars A group ledby Tomasz Kamin Who ws 3 1.900.483.6287 

the Max Pack naute for Rao Astronomy See the Andes, the Atma Desert. eww optoiescopes.com 

incermany athe tne ofthe obser, eet rate 

Used the APEX telescope in Chile to reveal i ‘ Woodiand Hits Telescopes 

den emission inthe region wth the struments ‘mountain typ observatory and neaaay S708 

increased sensi. We have found that the incredible wiilife among other Pe ceca 

surroundings ofthe remnant ae bathed ina aay 
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data best match models of rare events called Chilean Southern Sky «+ Lincomvnkaned 

red tensens, wheres star explodes dus toa North ts too wo ntarotelascope com 


‘merger with another sun, leaving behind only 
2 faint stllar remnant cocooned within coal, 
chemically rich molecular gas. —K. 


BobBermanAstronomy Tourst'gmail.com| 
‘call 845-901-7049 of visit, 
BermanAstronomyTours.com 
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SECRETSKY 


BY STEPHEN JAMES O’MEARA 


Two odd couples 


A pair of star clusters will intrigue careful observers, 


Je Double Custer | star cluster plrings, though 
(NGC 869 and NGC_| most are visual oddities t best 
8) in the constel 
lation Perseus is Stately differences 
thenightakys bet | Tl start with the popular open 
cxample ofan open ata ater | star clister M35 lt Geral and 
paling Itsalo oneof the most | tte“scidestal companion, Reartineses pape ecenq sucess uansanigensventisei pare 
Striking sights through backyard | NGC21S8.o the unaided thecoetn Gon he Ta cus 
telescopes These two roughly | eye, M35 isa good example of 
Sit-magniuudeclistera each | whatasogle component of | diminutive (acrou) voual 
adzzaling citadel oferystalsta- | the Double Cluster would oak | companion, NGC 21581 sy 
light —epan two Moon diam- | lke hining on sawn. This | visual because M35 and NGC 
ctersin pparentexentandare | Sthenagritude ctr spans | 2158 ac only line-of-sight com- 
sepacated bya mere 25 nearly aFull Moon's diameter | panions with NGC 2158 being 
Under a darcy, theyreeven | of ty and appears asa mottled | father out by a factor af. 
wonder to wonided eyes Sploich of dius lightjust 23° | Also, unlike the Double 
tppearing as fzzy knats ind. | northwestofPropus (Eta fq] | Claster, whose components 
way along the gentleseeveof | Geralnorum). Through inact | shared a ctenmon bith fram 
the Milly Way at stretches | lrsthe views asplendid sight | the same cloud of dst and gas, 
between magaitude?27 Ruchbah | because M3S ranksasone of | M35 and NGC2158 lie at oppo- 
{Delta [2] Casslopeine) and rng. | the richest open casters having | sitecads ofthe evolutionary | satinauatescbow ts mater 
nitude 29 Gamma) Perse | some200 stare crammed into a | scale, with the former being | eamyrarpen char NG 9 
While the Double Caster stands | fied of view 30 across about 130 milion years ld and 
alone in ls brightness, symme- | Butifyouavert your gze | thelnlter being about abilln! | MBS and NGC2156,M38 and 
try and grandeur, te aight aky | only 26 southwest, you may spy | Consider thiswhen yeu taken | NGC 1907 shave a smal ge 
holds other examplesofopen | M3S%sdim (magnitude 6)and_ | litle NGC2158 pale milly | around 400 milion years 
glows thechusters staesmaybea | Now imagine this, While 
| challenge io salve through | -NGC2158 only appears greatly 
COSMIC WORLD small telescopes because ts | smaller than M35 — both clus 
sabes ch | beightest stars shine around ters are actually about 30 light 
Aloakatihe best and Wevars tarestoronyend 4 | ist negra Hapa pel sic 
cum Scene neo byeibe 8 
Se Bet smaller than M38; while M38 
Qe een. spans some 20 light-years, NGC 
ia D- a rss aka PL Free See 10] issicone af thee peat open | 1907 srtces acon only bal 
4 | star custers in Aurgn. Ths 6th- | that diameter. Like NGC 2158, 
| magnitude denizen lies near the | its stars are dim, but the bright 
P center ofthe Charters pente- | est shine around 11th maga 
gem and bristles with some 300 | te, 0 you may have an easier 
cagamar || thauasdy || jpumeaver || Terome Telescopic sunsin anarenot aky | time resolving some of 
etibesn | Nace || ncarmesuries | Sammn f | nolargerthan 21. swith M35, | Finally, there's one mace 
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GRAND PRIZE 


NexStar Evolution 6 WiFi Telescope 
Celestron’s signature telescopes reach a new level with 
NexStar Evolution 6, the first Schmidt-Cassegrain telescope 
with a builtin Wi-Fi connection and integrated long-life lithium 
battery. Leave your hand control behind and slew to all the 
best celestial objects with a tap of your smartphone or tablet. 


Retail value: $1,199.00 


a Ysa 
COSMOS 90GT SkyMaster Pro ‘cosmos 4-Year Astronomy 
WiFi Telescope 15x70 Binoculars FirstScope Subscription 
Interact with the night sky ‘SkyMaster Pro binoculars ‘This Dobsonian-style (10 awarded) 
ina whole new way using are the ideal choice for telescope featuring a Recelve 12 exciting issues 
this Wi-Fi-enabled 3.5-inch amateur astronomers. With 3-inch reflector optical of knowledgeable science 
refracting telescope and large objective lenses, BaK-4 tube is an ideal entry-level reporting, insights from 
your smartphone or tablet! prisms, and fully multicoated astronomical telescope. This top experts, monthly sky 
Celestron’s new COSMOS optics utilizing Celestron’s spacial edition of Celestron’s _charts, spectacular celestial 
Colestron Navigator mobile proprietary XLT coating bestselling FirstScope offers photography, informative 
app replaces the traditional ‘technology, the view through several upgrades over the equipment reviews, and 
telescope hand control fora a SkyMaster Pros second to original, including two Kellner more. Plus, enjoy all the 
100% wireless experience. ‘none at its price point. fyepieces and a StarPointer _subscriber-only benefits at 
Retail value: $399.95 Retail value: $199.95 red dot finder scope. Astronomy.com. 

Retail value: $69.95 Retail value: $42.95 each 


ENTER TODAY! HURRY! 


Enter online at Astronomy.com/Sweeps 
Or fill out and mail the attached card. 
See page 69 for Official Sweepstakes rules. 


Entries must be postmarked by July 24, 2015. 


Sponsored by: 


@czesrron Astronomy. 


ASTROCONFIDENTIAL ., cans: rerson 


WHAT ARE WE LEARNING ABOUT “DYING” GALAXIES? 


‘Dying” galaxies are merely galaxies that are 
no longer forming new stats, so they also can 
be called “retired” galaxies. From modeling 
the stellar populations and star formation 
histories of several thousand nearby galaxies, 
ry collaborators and I found that there are 
two main pathways through which galax- 

les retire. They ether retire quickly (in less 
than 1 billion years) or they do so in a more 
sedate manner, taking 2 billion or more years 
before ceasing star formation completely 

Due to the accelerated evolution exper 
enced by post-starburst galaxies (galaxies 
that have suddenly stopped forming stars), 
vwe realized thatthe smoking gua for the cause 
of such sudden evolution is mor likely tobe 
found in the predecessor population of gala 
ies, namely the “blue early-type galaxies.” 

“To investigate the cause of sudden retire- 
ment, we probed the atomic hydrogen 
content of four blue early-type galaxies at 
different stages of evolution. Atomic hydro- 
‘gen is an excellent tracer because it forms 


ASTERO! 


e- 


Galactic core dust | 
cloud surprises 
astronomers ® 


BLACK HOLE SURVIVOR. 
Observations made withthe Vty Large 
Telescope are providing scents’ best 
look at the seemingly re loting gas 
loud 2, whieh in 2012 astronomers 
predicted would be torn apart by the 
Hily Ways supemasive black ol as 
Itapproached the galacticeter G2 id 
male is closest approach in May 2014 

4 predicted, but, surprisingly wast 
$tetched by the blak holes gravity and 
remain ntact a shown nth com 
posteinfared image vath ed clos 
Indicating the objets moving sway 
from us and ble showing it movement 
toward us) Asa est astronomers now 
think G2 must suround adense abject, 
with amassve core. KF 


SPIN. The Keck Observatory found the sol 
by electing dust. The space rocks were measured rotating fart enough to throw off material and 
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‘RED PLANET BLUES. 
Mars once had enough water 
depth of 450 feet (140 meters} 
butlestalmostallofito 
space snore 


Feedback froma galaxy's central supe 


massive black hoe isthe lik 


the dnl gus reserve fom which tare 
focen ani very sensiive to enviruamentl 
effects ad mild interactions that may not 
leave any signature onthe stellar morphal- 
ogy ofthe gales. 

We find that in theealest tages, the gas 
isundistcbed. However a later sage, we 
begin to see ign ofan active supermassive 
black hole in the cores ofthese galates, the 
fp-o-stacs ratio decrents significantly, and 
the alomie hydrogen begins a lok disturbed 
tnd oflcfrom the individual glass ain 
stellar body Therefore the 
(oe sudden death is due to the Ivy We 
removal ofthe entre gas re- oe. 
ervoir from which stars form. es 
‘Asthese galaces are lla 
itis probable tha the gas es 
eeveis ave been Blown out by 


Univers 


the increasingly active central supermassive 
black hole in each galaxy, consequently fore- 
ing the galaxies into early retirement. 


ion to mysterious “active” asteroids that mimiccomets with 


igger fragmentation 
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Ancient Mars was more hospitable 


NASA astronomers discovered that the Red Planet once had 65 times the amount 
of water presently lacked ints polar ice caps, which probably covered a surface 
area ints northern hemisphere slightly larger than Earth’ Atlantic Ocean The 
results were published in the journal Science on Apr 10. Meanwhile, scientists 
from Brown University submited to the Journal of Geophysical Research Planets 
that now dry Jezaro Crater was the site of to separate Watery events Mats 
past. Jezero Craters onthe short st of possible landing sts forthe 2020 Mars 
over an the discovery ofa watersch istry only makes the site more intriguing 
‘ut waters’ the any requirement for fe found onthe Red Planet. As pub 
lished in the April 7 Proceedings ofthe National Academy of Sciences, the Curiosity 
rover discovered nitrates, a biologiealy useful form of nitrogen In contrast, 
to Earth’ nitrates, meteorite impacts probably formed the martian version. 
Nonetheless their existence is urther evidence of Mars past habitat. — KM 


ie surface toa 


20 AstRoNomy « 


BY KARRI FERRON 


The Sky this Week 


A daily digest of celestial events 
Only have alte time 
each night to enjoy 
the wonders ofthe cmos and 
want something quick and easy 
To observe Lack nofurther than 


Astronomy.com's "The Sky this 
Week" Written by Senior Editor 
Richard Talcot, this popular section 
hi 


lights ane or two sky events 
‘each night that you can observe through binoculars ora smal telescope 
— many with just your naked eyes. In 10-day inerements, learn when and 
‘where to spot each planet, the best meteor showers, bright comets and 
asteroids, the occasional double star, afew deep-sky objects, and more, 
Each daily entry offers essential detals of the event and how to locate in 
‘your sky. Many ofthe week's most significant accurrences also feature an 

‘image ar an Astronomy maga 
zine star chart to help you wit 
‘ness what's going on overhead. 
See what's on tap for tonight 
atwww.Astronomy.com! 
skythisweek. 


FOLLOW 
ASTRONOMY 


What's new at Astronomy.com, 


‘ovr twitercomy 
etronamyhlag 


REGISTER TODAY! Go to wwwAstronomy.com/register 
for access to bonus articles, photos, videos, and more. 


GQ orsstvins toons 


Summer observing videos 
Find out where to tart your summer ky exploration with Astronomy.cm's 
seasonal observing videos. none Senor Eltor Richard Talcolt explores 
the big events ofthe summer, including a stunning close visual encounter 
between Venus and Jupiter n another, Senior Editor Michael E.Bakich 
focuses on warmsteather objects you can see through a small telescope, 
suchas the Hercules Custer (M3) And finaly Edtor David Eicher shares 
1Dothis favorite summer deep sky objects, including the Dumbbell Nebula 
(27). Checkout all three videos at www. Astronomy com/seasons. 


€& COMMUNITY 


Reader Photo Gallery 

Browse beaut astrimages tke this one of 
the Double Cluster NGC 869 and NGC 884) 
by Steve Pastor Submit your ann images at 
‘ww: Astronomy.com/readergallery 


News 
Get the latest updates on planetary misions, discoveries from space tele 
Scopes, and results of cutting-edge research at www.Astronomy.com/news. 


wwe facebook com’ 
AstronomyMagazine 
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JOIN ASTRONOMY MAGAZINE'S 


AURORA ADVENTURE 


OCTOBER 
Experience a once-in-a-lifetime northern | 
interior with Astronomy magazine, 


> Gnights of dark-sky aurora 


present Sami culture 
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Historic flyby 2 


the fist close-up images ofthese worlds from 
the New Horizons spacecraft, ov sssassnasoay 
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Up close and personal 


Cold, dark, and as yet unexplored, distant Pluto will 
finally bask in the spotlight when the New Horizons 
spacecraft flies past this July. by s. alan stern 


his July, NASA's New Horizons 
spacecraft will complete the 
historic frst reconnaissance of 
the Pluto system — and with it 
the first exploration of a Kuiper 
Belt planet and its attendant moons. The 
battle to get such a mission approved and. 
funded stretched across 14 years, from 
1989 to 2003, but succeeded on the richness 
of the groundbreaking science that would 
stem from exploring the Pluto system and 
the Kuiper Belt fr the first time. Started by 
a small band of young scientists, this quest 
involved a decade of mission studies that 
led powerful NASA advisory committees 
and, ultimately, the National Academy 
‘of Sciences to recommend the mission 
asa top priority 
How did Pluto, ance considered to be 
a faraway footnote in planetary science, 
become transformed into a centerpiece 
in the quest to understand the formation 
and evolution of our solar system? The 
answer isa story about revolutions in 
technology and revolutions in under 
standing both the basic architecture and 
population of our planetary system. The 
story began in early 1905 and will culmi- 
nate this yeas, in July 2015. 


S. Alan Stern of the Southivest Research 
Institute in Boulder, Colorado, i a plan 
‘etary sclentst and the principal 
Investigator of New Horizons. 


S 


Aplanet ahead of its time 
Boston-born astronomer Percival Lowell 
initiated the search fora planet beyond 
Neptune in 1905, a year before the birth of 
the person who eventually found it, Clyde 
Tombaugh. Tombaugh discovered Pluto 
on photographic plates taken in 1930 at 
Lowell Observatory in Flagstaff, Arizona 
Yet it was so faraway, small, and faint — 
41 times Earth’s distance from the Sun, less 
than 0.1 arcsecond in diameter, and magni: 
tude 15.1 — that it was far beyond the tech 
nology of the times to learn muich about it 

Infact, with 1930s technology, all any 
cone could determine about Pluto was its 
orbit and color. Planetary scientists could 
not measure its size, detect its atmosphere, 
see its satellites, and therefore could not 
discern its interior density Even the plan- 
et's rotation period could not be deter 
‘mined reliably until the 1950s, two decades 
ater Pluto was discovered. 

Despite the paltry facts known about 
Pluto in the 1930s and 0s, speculation 
about its origin ran rampant. For example, 
when astronomers determined that its orbit 
crossed inside Neptune’, some speculated 
it wasan escaped satellite ofthe giant 
planet. Others thought it might be a super- 
Ceres, a giant asteroid somehow ejected to 
the distant reaches of the solar system. Still 
others, including prescient astronomers 
like Fredrick Leonard and Kenneth Edge 
worth, suspected it was part ofa larger 


(Clyde Tombaugh discovered Pluto on February 
18,1930. Here, hestands at the door ofthe build 
ing that housed the 13-inch discovery telescope 


at Lowell Observatory. ow 


population of yet-to-be discovered bodies 

beyond the giant planets. Unfortunately 

the data available then offered no clue as 

to which hypothesis might be correct. 
Planetary science in the middle decades 

of the 20th century continued to be stymied 


‘These are small sections ofthe photographic plates Clyde Tombaugh used to discover 
arrows mark the distant world’s changing postion relative the background stars vera six-day 


period in January 1930... cxsusox 


by the primitive technology of the time. 
None of the modern tools of planetary 
science — such as sensitive CCD cameras, 
powerful computers, and spaceflight — 
were available. So Pluto remained a mys 
terious and puzaling footnote to an 
otherwise grand: design architecture of 
our solar system then “known 
‘of four small, inner rocky planets, four 
outer gas giant planets, a wide variety of 
comets and asteroids, and misfit Pluto. 


to consist 


The modern era begins 

The frst big observational breakthroughs 
that illuminated our knowledge of the 
Pluto system began in the mid-1970s. 

This veritable dam break of news com: 

76 when University of 
Hawaii astronomers Dale Cruikshank, 
Carl Pilcher, and David Morrison discov 
ered methane ice on Pluto, The finding 
surprised scientists in part because they 
quickly realized that at Pluto's tempera 
tute, the surface methane should turn 
directly from ice to gas and create atenu: 
ous atmosphere around the planet. But the 
methane ice also was surprising because 
researchers knew of no other solid body 
in the outer solar system besides Saturn's 
‘moon Titan that had methane on its sur 
face, Water ice was the norm. What was 
up with Pluto? 


menced in I 


Pluto and 

New Horizons 
through 
the years 
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Percival Lowell 
Taunt 
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Scientists barely had time to digest 
this discovery before they made a second 
‘major breakthrough. In 1978, US. Naval 
Observatory astronomers James Christy 
and Robert Harrington discovered a satellite 
of Pluto, which Christy named Charon in 
part to honor his wife, Charlene. Startlingly, 
Charon turned out to orbit with the same 
period as Pluto's rotation, meaning it resides 
in a so-called synchronous orbit above Pluto 
and implying that strong tidal forces have 
affected the system's evolution. 

Within months of Charon’s discovery 
astronomers realized that the moon's orbit 
would soon turn edge-on to Earth and the 
pair would undergo mutual occultations, 
The search for these began in the early 
1980s and culminated in late 1985 when 
University of Texas astronomer Rick Binzel 
detected the first mutual event. Between 
1985 and 1990, planetary astronomers 
around the world observed a long series 
of these occurrences. 

From these studies, scientists derived 
accurate sizes and surface albedos (the 
fraction of light a body reflects) of Pluto 
and Charon for the frst time as well as. 
crude albedo and composition maps of the 
surfaces of both worlds. The results also 
showed that Charon's surface is unlike 
Pluto’. The moon is about 60 percent as 
reflective as Pluto, has none of Pluto’s red 


1930 
‘Qyde Tombaugh 
discovers Pluto 


search 


from Lowell 
Observatery. 


color, and is covered in water ice with no 
trace of methane, 

Another notable result derived from the 
‘mutual events came from an accurate mea- 
sure of the masses of Pluto and Charot 
which, when combined with theit sizes, 
yielded densities for both bodies. This 
showed that Charon consists primarily of 
water ice, with its rocky component limited 
to pethaps 40 to 50 percent of the body's 
‘mass. But the big surprise was Pluto's den. 
sity, which turned out to be just over two 
times that of water ice, meaning it isnt the 
icy world scientists long had expected it to 
be. Instead, Pluto contains about 70 percent 
rock by mass. You can't judge this book by 
its cy cover. No one expected the outer 
‘most planet to be rocky rather than icy. 

The mutual events also revealed the 
angular momentum of the Pluto-Charon 
system. Planetary scientist William 
‘McKinnon of Washington University in 
St. Louis and others used these results 
to show that the system, a binary with a 
‘mass ratio of about 11 to 1, could not have 
formed except by a collision of some for- 
‘mer planet-sized body with Pluto. 

As the 1980s progressed, our under 
standing of Pluto advanced as researchers 
studied the light of distant stars when Pluto 
passed in front of them, Massachusetts 
Institute of Technology scientist James 
Elliot and his colleagues used one such 
stellar occultation to confirm that Pluto 
hhas an atmosphere. Further occultation 
observations yielded evidence for hazes 
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US. Naval Observatory astronomers James 
(Christy and Robert Harrington discovered 
Charon, Pluto's largest moon, in 1978. It appears 
asa slight elongation on these images of Pluto, 


1950 
Gerard Kuiper pro: 
poses the existence 
ofallarge belt oficy 
objects beyond 
Neptune. 


1976 
Dale Cruikshank, 


Morrison discover 
‘methane ice 
on Pluto, 
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The biggest objects beyond Neptune 


Pluto and Eris are the largest trans-Neptunian objects, though several others come close. Pluto resides 


inthe disk-shaped Kuiper Belt, a region contal 


Haumea 
Namaka 
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ora complex temperature structure in 
Pluto’ atmosphere, signs of turbulence 
and winds in the upper atmosphere, clues 
indicating Pluto's blanket of air has a sig 
nificant escape rate, and inklings of other 
atmospheric constituents beyond methane, 
By the dawn of the 1990s, the Pluto: 
Charon system was becoming a surpris: 
ingly complex pair that was attracting 
attention for exploration. Toby Owen of 
the University of Hawaii and collaborators, 
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1985 
series of mutual 
coccultations between 
Pluto and Charon begins, 
allowing scietststo 
‘measute the objects 
lameters — and 
much more 


1978 
James Christy and 
Robert Hartington 
discover Pluto's 
largest moon, 
Caton. 
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discovered nitrogen ice on Pluto and deter 
mined that nitrogen dominates both Pluto's 
surface and atmosphere, 

Others, including myself, later used the 
Hubble Space Telescope and found evi 
dence for a polar cap on Pluto. And Lowell 
Observatory astronomer Marc Buie clev 
erly fused Hubble and old ground-based 
data to establish that the planet’s surface 
appearance has changed on a massive scale 
since its discovery 


1988 
James Elit and 
colleagues discover 
Pluto's thin atmo: 

sphere 


1987 
Mare Buie and 
Robert Marcialislead 
teams that discover 
water ice on 
CChaton, 
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Interest in Pluto accelerated after Voy- 
ager 2 encountered Neptune in 1989, Images 
revealed that Neptune's moon Triton —a 
size, density, and compositional cousin of 
Pluto as well asa former planet that had 
‘once orbited the Sun on its own — is geo. 
logically active and sports surface geysers! 

‘As amazing as the Pluto-Charon pair 
‘was then becoming, the most important 
revolution in our knowledge about this 
system was still to come. 


1992 
David Jewitt and 
Jane Luu discover 1992 
(8, the fist Kuiper 
Belt object (not count 


1992 
Toby Owen and 
colleagues discover 
nitrogen and carbon 


Pluto’s surface 


Telescope images show color 
and brightness changes across Pluto's icy 
surface, though even Hubble cant resolve 
features smaller than a few hundred miles 
across. The center points ofthese hem 
spheric views are evenly spaced across the 
planet's globe. 


The revolution 

of the Kuiper Belt 

Astronomers long puzaled over the appar 
ent lack of context for Pluto, orbiting alone 
and largely beyond Neptune — seemingly a 
misfit in the solar system. 

‘That said, mid-20th-century planetary 
Science giant Gerard Kuiper, following on 
ideas Leonard and Edgeworth had pio- 
neered, made a convincing case in 1950 that 
Pluto might be the brightest of avast cohort 
‘of similar planets and smaller bodies orbit 
ing in the “twans-Neptunian region.” The 
idea led to several searches, but the technol: 
‘ogy ofthe times — based on low-efficiency 
photographic detectors and requiring pains 
taking manual comparison of images — 
prevented discoveries of other bodies. 

‘All that changed in 1992 when Univer 
sity of Hawaii astronomers David Jewitt 


—. 
1994 
S. Alan Steen and 
colleagues discover sur 
‘aedenisontuo 
Hubble Space Tele 
scope images. 
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and Jane Luu discovered an object called 
1992 QR, the frst sighted partner to Pluto 
orbiting beyond Neptune. Although sci 
entists estimated it to be 10 to 30 times 
smaller than Pluto's 1,485-mile (2,390 kilo- 
meters) diameter, QB, unleashed a torrent 
of discoveries almost immediately. In 1993, 
observers found four more such objects. In 
1994, 10 more turned up. By the late 1990s, 
researchers had discovered almost 1,000 
bodies. Pluto's context was now cleat: It 
‘was not a misfit; it simply had been the 
first and brightest ofa vast population of 
solid bodies ranging from roughly 60 to 
‘more than 600 miles (100 to over 1,000 
km) across orbiting beyond Neptune 

This powerful discovery led to a funda 
‘mental redrawing of our map of the solar 
system, adding a third zone beyond the 
terrestrial and giant planets — the so 
called Kuiper Belt 

‘But relegating the giant planets to the 
middle zone of the solar system and provid 
ing a context for Pluto was only part ofthe 
paradigm shift ushered in by the Kuiper 
Belt, As the 1990s and then the 2000s pro: 
agressed, it became clear that the Kuiper Belt 
had much more to teach us than just Pluto’ 
tue context and the existence ofa third 
zone to the planetary system. 

Observations of the Kuiper Belt also 
revealed that Pluto-class planets were com: 
‘mon out there, as were satellites of these 
worlds, In the end, the census of Kuiper 
Belt planets outnumbers both the terres: 
trial and giant planets! Pluto isin big com: 
pany. Who are the misfits now? 

Additional discoveries showed a wide 
diversity in the newly discovered planets of 
the Kuiper Belt — those worlds big enough 
to be rounded by self-gravity. Some have 
water ice surfaces, but some sport more 
exotic surface volatiles (those compounds 
that vaporize ata relatively low tempera: 
ture), such as methane and nitrogen, as on 
Pluto, Many have moons — some large 
relative to their primaries — again like 
Pluto, Some are red, like Pluto, but others 
are neutrally colored (gray) like Charon. 
Some have densities that point to mostly 

y interiors, while others have densities so 
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high they essentially must be all rack. 
Although scientists had argued for the 
existence of a third zone to our planetary 
system and the presence of many small 
planets there before they found the Kuiper 
Belt, no one predicted the degree of diver 
sity in the Kuiper Belt population. It was, 
and remains to this day, surprising, 

The discovery of the Kuiper Belt was a 
revolution that shook many of our formerly 
primitive notions of the architecture and 
content of our solar system. Moreover, it 
revealed a rich wonderland of exotic new 
‘worlds and sparked debates on the nature 
of planethood. 

‘And it so impressed the scientific com: 
‘munity with its importance to the under- 
standing of solar system origins and its 
potential for groundbreaking new discov 
cries that it caught the attention of the 
‘National Academy of Sciences. ‘The academy 
called on NASA to rocket the funding prior 
ity for a mission to explore the Pluto-Charon 
system and smaller bodies in the Kuiper Belt 
to the top ofthe queue for new missions. 


Wonderland Pluto 

‘Meanwhile, as the Kuiper Belt revolution 
‘was unfolding, so was our knowledge about 
the Pluto system. 

In the 2000s, observers saw Pluto's 
atmospheric pressure double, then triple. 
No one is exactly certain why, even today. 
Then researchers found that Charon has 
ammonium hydrates Compounds of 
ammonia and water) on its surface in 
addition to water ice. Moreover, scientists 
learned that Charon’s surface water ice has 
a ceystalline structure that indicates it must 
have been deposited recently. But how — 
could Charon be active? 

‘Almost simultaneously, in 2005, an 
observing team led by Hal Weaver at Johns 
Hopkins University, which I was a part of, 
was granted Hubble time to search for Pluto 
satellites. ln one afternoon, Hubble detected 
‘not one but two moons orbiting beyond 
Charon in the same orbital plane, We 
‘named them Nix and Hydra, ln 2011 and 
2012, members of our team led by Mark 
Showalter of the SETI Institute found two 
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Pluto’s moons 


Diameter 
1485 miles 


Nix 
Dlameter:29-a5 miles 
orbital vaus 30,300 miles 
‘Orbital period 249 days 


A 


Kerberos 
Diameter 8-21 mies 

Cfbital radius: 37,00 miles 
(Orbital period: 321 days 


more even smaller satellites, later named. 
‘Styx and Kerberos, Pluto now has five 
known moons, and many of us expect to 
find more when we see the system up close. 

‘Although the new moons display neutral 
colors like Charon, no one knows iftheir 
albeos are similar to Charon’ because we 
haven't pinned down their sizes. But thanks 
to Showalter, we do know that at least one 
and possibly more ofthese small satellites 
are apparently tumbling chaotically. And, 
puzzlingly, their orbits seem to be uni 
formly close to, but not precisely in orbital 
resonances with Charon. (Charon com 
pletes about three orbits for every one of 
Styx; four for Nis; five for Kerberos; and. 
six for Hydra.) Why so clase, yet so far? 

Also in the 2010s, Bob Johnson of the 
University of Virginia and O. J. Tucker of 
the University of Michigan showed that 
‘Charon can siphon gas off Pluto's atmo. 
sphere in a process that is likely to create 
a wispy atmosphere of its own, 

Every time we look at the Pluto system 
with better tools, it gets more complex, 


2011 
Mark Showalter 
and colleagues 
discover Pluto's 

New Horizons moon Kerberos 

crosses the orbit 

of Satur, 


2011 


New Horizons 
‘rosses the orbit 
of Uranus. 


‘Orbital period: 38.2days 


Styx 
Dameter6-16mles 
rales 26060 mes 
Ora period 202 ays 


‘lose-in Charon is by far the planet's largest and 
best studied satellite. Even with New Horizons on 
Pluto's doorstep, some basicfacts about the outer 
{four moons remain sketchy. (To convert miles to 
Kilometers, multiply by 1.61.) sso woe 


more nuanced, and even more bizarre 
‘Well, hang on to your hat because the 

best tool of al for Pluto exploration was 
launched in 2006 on a decadelong journey 
to explore it in 2015, 


Enter New Horizons 
In the coming weeks, NASA's New Hori 
zons mission, which I lead as principal 
investigator, will reconnoiter the Pluto sys: 
tem, Built o accomplish the objectives set 
forth by the National Academy of Sciences’ 
2003 Decadal Survey in Planetary Science, 
New Horizons is now on final approach to 
Pluto after a 3-billion-plus-mile (5 billion 
km) journey from Earth 

The spacecraft started observing the 
Pluto system in mid-January. Ithas been 
taking images, measuring the dust and 
charged-particle environment near Pluto, 
and refining the planet's orbit around the 
Sun ever since. 

Close-approach observations began in 
June and culminate July 14 with a deep 
dive that reaches closest approach about 


New Horizons 
crosses the orbit 
of Neptune 


2012 
Mark Showalter 
and colleagues 
discover Pluto's 

aon Styx 


NASA's New Horizons 
spacecraft captured 
this view of Pluto 
(center) and Charon on 


miles (115 
nillion kilometers) 


halfway between Pluto and the orbit of its 
closest known moon, giant Charon. During 
approach, at closest distance, and then as it 
recedes, the spacecraft will capture thou: 
sands of images, millions of spectra, 
detailed measurements of the local plasma 
environment, and even sample gases com. 
ing off Pluto’ atmosphere, 

‘New Horizons will obtain color and 
panchromatic maps of Pluto and each of 
its known moons. It will search for new 
satellites and even rings. It will study the 
compositions ofall six known bodies in 
the system. And at Pluto, it also will assay 
the composition, structure, and escape rate 
of the atmosphere. The spacecraft will 
make surface temperature maps of both 
Pluto and Charon, and it will look for an 
atmosphere around Charon and an iono- 
sphere around Pluto, 

By the time New Horizons finishes 
returning all its observations to Earth in 
late 2016, Pluto will be transformed from 
1a world known only from afar to one with 
better data sets than we have ever had on 
a newly reconnoitered planet. 

Digesting that data may take a decade, 
during which we hope that New Horizons 
can fly on to explore one or perhaps two 
smaller, more primitive objects in the 
Kuiper Belt up to 2 billion miles (3 billion 
km) farther still from the Sun. 

‘Astronomers didn't discover the solar 
system's third zone until the 1990s, but by 
the mid-2000s, humankind had dispatched 
1 sophisticated probe to explore it. Today, 
in the 2010s, we are on the cusp of that 
exploration. Buckle up your seat belts — 
from everything we've learned so far about 
the Pluto system, we ate going to be in for 
quite a ride! 
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2018-19 
New Horizons 
may encounter a 
move distant 
Kuiper Blt 
object. 


2015 
New Horizons 
flies past 
Pluto, 


ding space eas 


In search of etc 
DEATH PLUN 
ASTEROI!! 


‘The 2013 meteor that exploded over 
CChelyabinskin Russia was captured in 
images only by those fortunate enough 
tobe looking up atthe right moment. 
Imagine what we could have seen with 
advanced warning. wwii) 


MUCH TO THE DELIGHT 


of scientists and technicians, the frigid sky 
over the snow-covered Siberian fields and 
villages remained clear as dawn approached. 
The February stars put on a dazzling sh 
as they revolved about Polaris, higher in the 
sky than many of the foreign visitors were 
used to seeing it The frequency of sporadic 
meteors increased asthe night grew long, as 
if providing a warm-up act. 
‘Charter flights were already in the air, 
filled with business tycoons and celebri 
ties, and rumor even had itthat Russian jy an alternate world with amore advanced asteroid search campaign, astronomers could have 
President Vladimir Putin was on one, prepared all night forthe big impact 00 :snan 
The planes could be seen in all directions 
‘except in the special airspace dedicated to 
cooperative research flights by the Russian nearby city of Chelyabinsk was in blackout. toward asteroid discovery and planetary 
Federal Space Agency, the European Space Everyone waited at the ready for the meteor _ defense. An array of powerful space-based 
Agency, and NASA, andin the restricted _event ofthe century infrared survey telescopes (such as the 
airspace directly beneath the asteroid’s pro This isa fictional account of what might proposed NEOCam or Sentinel Mission), 
jected path, In order to keep light pollution have happened February 15,2013, ifwehad combined with dedicated ground-based 
from interfering with the observations, the been a decade further alon ‘opes (such as ATLAS and LSST, both 
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‘The meteor explosion pictured heres the result ofa 3-D simulation by the 
author. By modeling such events, he and colleagues can compare them to 
past and future aiburst observations in order to learn more about both 

their progenitor asteroids and the power they bring with them into Earth's 


atmosphere. soiauove cansia caver 


currently under construction) might have 
‘been abe to warn us ofthe 65-Foot- wide (20 
meters) asteroid that exploded over Russa, 
‘causing damage and alarm, We have pieced 
together the asteroid’ story from recovered 
fragments and serendipitous dashboard- 
‘camera footage. But imagine instead how 
the events near Chelyabinsk might have 
unfolded ifan advanced detection system 
had already been in place 


Getting ready 

In that fictional world, by the time the 
southeastern sky began to glow with faint 
hints of light, scientists had been up all 
night calibrating and testing their equip- 
ment. The weeks of planning meant they 
had time to spare, and they spent it pho: 
tographing the stars, drinking coffee or 
tea, fidgeting, and (except for the North 
Americans) smoking cigarettes. High: 
definition cameras, telescopes, radiome- 
ters, radar dishes, spectrometers, and opti 
cal pyrometers all pointed at a spot above 
the eastern horizon. The instruments were 
mounted on gimbals so they could rapidly 
slew at just the right rate to track the 


Mark Bostough isa principal member of the 
technical staff at Sandia National Labs with a 
focus on national security applications. 
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steroids 


fireball. Even with advanced warnings, 
there would be no second chance. 

Researchers already had deployed 
arrays of seismometers, geophones, micro: 
phones, infrasound detectors, microbaro. 
graphs, anemometers, and dust collectors. 
Now, just before sunrise, they launched 
drones and balloons to get precise readings 
of atmospheric conditions and to record 
the characteristics of the blast wave in 
three dimensions, 

It wasn’t just the scientists who were 
recording, Production company film crews 
were on the scene, including multiple 
IMAX cameras on the ground and in the 
air. This would be the best-documented 
natural event in history because it was the 
best ever predicted. 

Since its discovery a month easlier by 
two new space-based infrared telescopes, 
designed and launched for just this pur 
pose, the asteroid had swept close enough 
to be observed by ground-based optical 
telescopes. In the last few days, radio tele 
scopes at Goldstone and Arecibo were able 
to join the effort, and last night even ama- 
tours made sightings. Its reflectance spec: 
trum suggested that it was an ordinary 
chondrite, rocky and unevolved. Radio 
telescopes estimated that it was between 
17 and 20 meters in diameter: 


* Near-Earth objects 


Eyes on the skies 


InNEOWISE's fist six months, it discovered dozens of new near-Earth 
‘objects and observed many more. Each gray dat represents an asteroid, 
‘most of which orbit in the main belt between Mars and Jupiter. Yellow 

"squares represent comets, while rd circles indicate near-Earth objects that 
‘orbit within 1.3 astronomical units (1 AU isthe average Earth-Sun distance). 


There was still lot of uncertainty about 
its mass because no one knew whether 
the asteroid was a single rock ora porous 
rubble ple But it couldn't be much more 
than 12,000 tons even ifit were fully dense. 
Meticulous observations had characterized 
the asteroids orbit so precisely that scientists 
were predicting the time of mpact to the 
nearest second, the location tothe nearest 
kilometer, and the entry speed tobe exactly 
12 miles (19 kilometers) per second, It would 
alimost certainly explode in the atmosphere, 
and simple physics determined the energy of 
the explosion: about a half megaton of TNT 
Despite being 30 times bigger than the 
explosion that destroyed Hiroshima, that 
estimate had come as a great relief to the 
residents of Chelyabinsk. A month eaier, 
4 much bigger explosion had not been 
ruled out, and there had been contingency 
plans to evacuate the city’s million res 
dents, A half-megaton explosion high in 
the sky can be powerful enough to blow 
out windows and do damage, but officials 
determined “shelter in place” and the Cold 
War “duck and cover" drill sufficient to 
protect city residents 25 miles (40kim) 
tothe north. On the other hand, more 
local villages were stil at risk from falling 
meteorites, which could be fatal, and res. 
dents were advised to leave the area, 


The show begins 
[About 15 minutes before sunrise, power 
ful radar started receiving reflections from 
‘over the horizon while the asteroid was still 
thousands of kilometers above the Pacific 
Ocean, Thelve minutes later, ithad traversed 
China and Kazakhstan. A few minutes after 
that, the Russians fired an array of smoke 
tracer sounding rockets, ike firework 
the sky along both sides ofthe asteroid’s 
trajectory, to measure the shock wave like in 
the good old days of Cold War atmospheric 
nuclear testing As the asteroid approached 
the border into Rusia, still more than a 
hundred kilometers up, sensitive infrared 
detectors and radiometers locked onto it 
[Astthe clock ticked, events accelerated. 
The asteroid was coming in hot — 19 km/s 
is 42,000 mph, or Mach 56. It was moving 
mostly sideways, descending only 1 kilo 
meter for every 3 kilometers of horizontal 
flight. That was lucky for everyone. The 
Scientists had mote time to gather data the 
tourists had alonger show, and the locals 
were spared the damage that a steeper entry 
angle would have inflicted by carrying the 
energy downward toward the villages 

The asteroid rammed into the air faster 
than the molecules could get out af its 
way. Like a snowplow, it scooped them up, 
‘compressed them, and carried them along 
asa high-temperature plasma that pushed 
a shock wave ahead of it and then wrapped 
around it ina pencil-thin wake, After afew 
seconds, the asteroid descended into air 
that was thick enough to be opaque when 
‘compressed, and hot plasma grew bright 
enough to see with the human eye 
Scientists whooped as their trackers 
started tracking and their high-speed cam. 
eras started whirring. Cheers went up from 
the open fields in Chelyabinsk, where spec 
tators watched at safe distances from win 
dow glass and anything that could fall 
Movie stars in private jets clinked their 
champagne glasses together. Villagers who 


into 


While some fragments from the Chelyabinsk 
meteor were recovered quickly, others took 
‘months to locate and retrieve, partially due to 
incomplete information regarding the unex: 
pected meteor and its trajectory. sos: atcaas 


The new guard 


refused to evacuate hugged one another 
and hoped that a meteorite would fall near 
them, but not on them, 
But the show had just started, For the 
next 10 seconds, the asteroid grew much 
brighter as it forced its way through the 
air, compressing it into an ever hotter and 
denser plug of ionized gas. The asteroid’s 
core was as yet undisturbed, the pressure 
in the thin upper atmosphere too small to 
deform or break solid rock. But the heat of 
entry penetrated the surface of the rock, 
removing material that was immediately 
vaporized and swept away into the wake. 
‘As the excitement continued, the aster 
oid reached a critical altitude at which 
pressure from the ai finally exceeded its 
strength, and the core began to fracture. 
This led to a mutually reinforcing cascade 
of processes: The fragmentation meant 
exponentially increased surface area and 
therefore exponentially increased drag 
forces, and the increased drag forces, 
caused further fragmentation, When the 
fragments became small enough, they 
vaporized entirely, kinetic energy convert: 
ing to explosive energy in the spectacular 
climax of the asteroid’s death plunge. 
Even as the tremendous explosion 

Lit up the sky, a small fragment that 

looked like a mere spatk popped out 
and continued downrange to the 

west. Infrared and radar trackers 

were able to fallow it for several 
more seconds. They calculated 
its impact point before it even 
touched the ground, 

Before the explosion had fin. 
ished fading from sight, the charter 
flights and private jets were already turning 
to flee the scene. They were not supersonic 
and could not outrun the blast wave, but the 
farther they got, the weaker it would be. The 


sroposed Sentinel 
Mission would fulfil, 
Congress updated 


fies to fel the blast were observers neat the 
villages at ground zero, directly beneath the 
‘main explosion. It only took about a minute. 
Ground arrays provided a precise pattern af 
surface effets, which would be invaluable 
fo estimating risk and planning for future 
events. Another minute later, the blast, 
reached Chelyabinsk. Idi limited damage 
because most residents and businesses had 
hheeded warnings and boarded up their win 
dows saving upto 1 billion ubles ($33 mil: 
lion) in potential damages. 

Within only afew 
helicopter landed next to a hole in the ice 
ofthe frozen Lake Chebarkul, the location 
pinpointed by tracking data of that small 
spark, actually the largest remaining piece 
ofthe meteorite. Arrays of acoustic sensors 
had located many of the other large meteor 
ites that fell on solid geound, and meteorite 
collectors — both professional and amateur 
— raced to thei locations, Laboratories were 
at the eady to measuse short-lived radio- 
{sotopes, and the analysis work proceeded 
swiftly according to careful plan. 


nore minutes, a 


Back to reality 

The description in this story of the 
Chelyabinsk asteroid itself is scientifically 
accurate to the best of my knowledge. 
Whereas the rest ofthe tale — the media 
coverage, the scientific preparedness 
science fiction, there is really no funda 
‘ental reason why the story could not have 
unfolded much as have described. 

‘io make this possible for future 
impacts, we need to continue to pursue the 
goal of finding as many near-Earth objects 
(NEOs) as possible, especially those on 
their final approach to Earth that could 
arrive with litte or no warning, like 
Chelyabinsk. {like to call these “death 
plunge” objects because they are already 
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infrared images shows the fi 
‘Shoemaker-Levy 9 impacting Jupiter. The bright object tothe right i the 
‘moon o, while the region at lower left center i the Great Red Spot. The 
impact point on Jupiter's southeastern limb firs flares to brightnessin 
the second imageand rvalslo at its brightest pointin the third image. The 
fourth image, taken roughly 20 minutes after impact, shows the fireball 


already fading from sight. curcrooxse 


IN DEFENSE OF EARTH by Rusty Schweickart 


‘Asteroids ate multidimensional space attrac 
tions with facets that appeal to scientists, 
explorers, entrepreneurs, and the wider 
public, And among al these groups, much of 
the discussion of late comes from the crowd 
(of which lam a part) concerned with public 
safety — protection from asteroid impacts, 
or planetary defense 

Most of our focus has been on the long: 
term potential for impact prediction and 
deflection. Ths challenging but achievable 
‘capability depends on using powerful tele- 
scopes to find asteroids in space, calculate 
their future locations, and change their 
arrival time sightly ifthey areona 
path that would intersect with 
Earth, We can literally prevent 
future impacts 

But more recently we 
discovered that even a set 
cof small telescopes ke 
the Asteroid Terestrial- 
Jmpact Last Alert System 
(ATLAS) can see asteroids 
when they're very dose and, 
about to it. This first hap- 
‘pened in October 2008 when a 
Catalina Sky Survey telescope picked 
Lupa small asteroid in the evening sky that 
‘actually hit Earth 19 hours later! Discovering it 
{even that close ta impact allowed NASA's 
‘Near-Earth Object (NEO) Program to analyze 
lts trajectory and predict precisely when and 
where it would rit. 

Iquickly became evident that a short term 
(or lat minute} warning system fo asteroid 
Impacts was posible Planetary defense sud 
dlenly had two strategies: long: term prediction 
and prevention, and short-term eivl defense, 
*Duckand cover re-entered the lexicon — or, 
with ust afew hours’ of warning, evacuation, 
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Interestingly this short-term strategy to 
avoid impact threats to ife albeit not to 
property) suddenly put NEO programs on the 
radars not only ofthe civil defense systems of 
the world, but also of the general public. 
Unlike the long-term impact prevention 
aspact of planetary defense, where the public 
isa largely unwitting beneficiary, here the 
public is an active participant in evacuation 
and preparation. Infact, success depends on 
the public responding rationally to a threat 
completely outside their experience. 
Who watns ther? How are they warned? 
Duck and cover or evacuate? How does 
the identification of a moving spot 
Ina small telescope'sfield of 
View get out as news to real 
‘people in time to save lives? 
These questions and many 
‘more will be addressed as 
part af Asteroid Day an 
June 30, an event whose 
{alist famillarize the 
public with this unfamiliar 
threat and how to respond 
(see wwrwasteroidday org). 
tis truly amazing that with 
Inexpensive technology avallable right 
now, we can prevent almost all ofthe poten- 
tial loss of life fram asteroid impacts, both 
Jong: and short-term, We are not dinosaurs, 
‘nor part of the 70 percent of life that was 
‘wiped out with them 66 milion years ago. 
‘We have the tools and can act instead of 
merely observe, We can do this. 


Rusty Schwelckart isa former Apollo 9 
lunar module pilot and founded the 
‘Association of Space Explorers and the B612 
Foundation, which focuses on planetary 
defense. ws suernnct 


falling to their demise when they are dis: 
covered. They are not going to go around 
their orbit again, and there is no time to 
deflect them. Fortunately, most will likely 
bbe much smaller than Chelyabinsk. In 
‘most cases, they will be so small that they 
are no threat at all, but merely an opportu 
nity for science and tourism. 


Jupiter test-bed 

“My idea of death plunge science was 
inspired by the events surrounding Comet 
Shoemaker-Levy 9 (SL9) in 1994, which 
‘was the first death plunge object to be 
discovered before impact. Luckily, it had 
taken aim at Jupiter, not Earth. I was for 
tunate to be a member ofthe team that 
used the mightiest computer on Earth at 
the time to make predictions about the 
comet's exciting final act. 

Carolyn Shoemaker, one of SL9¥s dis 
coverers, fst described the comet March 
25, 1993. I don't know what this is,” she 
said. "Itlooks like ...like a squashed 
comet.” Itlooked that way because it was 
no longer one comet, but had broken into 
about 20 fragments. It was in orbit around 
Jupiter and had passed so close tat tidal 
stress from the planet had torn it apart. 

By the time it was discovered, it was in its 
final two-year orbit around the planet, too 
Jate for any hypothetical jovians to attempt a 
deflection mission. Within months, scien 
tists determined that the fragments would 
collide in July 1994, and further observa 
tions refined the trajectory and predicted 
specific impact locations and times. With no 
cities or lives at stake, researchers could 
focus on scientific observations. 


The timing of the discovery was perfect, 
because a convergence of developments 
in 1994 enabled planetary scientists to 
take full advantage, The Hubble Space 
Telescope had just been serviced and was, 
now operating as originally designed, pro 
ducing exceptionally high-quality images. 
Sandia Labs in New Mexico had recently 
installed the most powerful computer in 
the world and had just developed a paral 
lel version ofa nuclear weapons-related 
code that enabled us to model the impact 
event at high enough resolution to make 
useful predictions. In science, prediction 
is everything, especially when there is dis. 
agreement — which there was. 

Two members of our modeling team 
‘were experimentalists by training, and we 
began to think of the impact of SL9 as a 
‘giant experiment in the sky that would 
either provide validation for our computer 
‘models or show us where we had gone 
‘wrong. This was an experiment larger than 
any you could ever carry out in a lab on 
Earth — or want to 
nasideving the lack of human design 
for this experiment, it was brilliantly for: 
mulated. For one thing, a good researcher 
does a series of experiments with a range 
‘of parameters, and that’s what we had with 
about 20 fragments of various sizes. The 
‘event also contained elements that even 
the cleverest experimentalist might not 
have thought to include, At the time of the 
‘orbital calculations, everyone was disap: 
pointed that the impact sites would be 
‘on Jupiter’ far side. But it was not a total 
loss. The fragments would hit just over the 
southeastern limb. Jupiter's phase would be 
slightly less than full at the time of impact, 
‘with a dark strip between the eastern 
limb and the dawn terminator. The comet 
fragments would pass into the shadow of 
Jupiter before going below the limb, and 
any debris or ejecta coming back up would 
rise over the limb into darkness before 
being illuminated by the Sun. These would 
potentially be discrete events 

‘As it turned out, our simulations 
showed that sufficiently large fragments 
‘would produce fireballs, or plumes of 
Incandescent hot gas, that would rise 
above the limb and be bright enough to 
be seen from Earth. As they kept rising, 
they would emerge into sunlight, at which 
point they would scatter light from con 
densed particles. We advised the Hubble 
Imaging Team to set up an observational 
sequence for Jupiter's limb. The imaging 


‘The Catalina Sky Survey isthe! 


sult ofa 1998 congressional directive tofind and characterize atleast 


90 percent of the near-Earth objects 0.6 mile (1 kilometer or larger. NASA declared this goal achieved, 
but the huntisstilon for medium-sized asteroids crn sty sever anna 


program included the first fragment as 
ell asa few of the brighter (and presum- 
ably larger) pieces. The Hubble images 
beautifully confirmed our model pre- 
dictions for plume-forming impacts on 
Jupiter. But what about Earth? 


Searching closer to home 
We quickly realized that the properties of 
Jupiter: atmosphere that led to the forma. 
tion of the giant plumes were not unique 
to that planet. The same physics should 
contzol the aftermath of an aizburst on 
Earth. We began to run similar models 
for Earth impacts and showed that high 
plumes form as the result ofimpacts the 
size of the one that exploded over Siberia 
in 1908: the Tunguska event 

Our model seemed consistent with 
the sketchy historical observations, but 
we didn't have a "validation experimen 
this time. We were now doing historical 
Science, which is subject to interpretation, 
difficult to quantify, and easy to dismiss 
a's not very satistying for a physicist 
When we wrote up our work ina 1997 
paper, we pointed out that sources of data 
fo airbursts on Barth included US. gov- 
ernment sensors, infrasound detectors, 
and seismic data ll operating in what is 
essentially “open shutter” mode. If some. 
thing happened in a fortuitous location, it 
would be recorded, but no observational 
campaign existed 

We suggested a methodical search 
for asteroids ofthe size that generate the 
airbursts We theorized and proposed 
a ground-based survey system capable 
of providing short advance notice of a 
100-kiloton-range impact, so that we could 
characterize an approaching object before 
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it struck. We explained that this would 
enable validation of our predictions, as 
well as provide immensely better data on 
impact events. 

Technology has advanced greatly in 
the past two decades, and while cur 
rent surveys such as NEOWISE, Pan- 
STARRS, and the Catalina Sky Survey 
are making steady progress in cataloging 
devastation-range near-Earth objects, 
there is no reason that the threshold for 
discovery cannot be lowered to a few kilo: 
tons — events that happen several times 
every year. Most events would not be as 
spectacular or conveniently located as 
Chelyabinsk, but the creation of a com- 
prehensive death plunge observational 
campaign would provide rapid benefits to 
both science and planetary defense. It also 
‘would supply a constant flow of meteorites 
from objects that had been observed in 
space, ata fraction of the cost of an aster 
cid sample return mission, 

Economic benefits also raise the appeal 
of such a campaign. Excited tourists might 
be willing to spend a significant amount 
‘of money to see a rare cosmic spectacle 
and help collect meteorites on the ground, 
ethaps the allure of adventure and the 
increasingly high value of meteorites would 
be incentive enough for deep-pocketed 
investors to help scientists, humanity, and 
themselves — all at the same time 

Technologically there is no better time 
than now to create an international partner 
ship among governments and private finan. 
iets to pay for infrared space telescopes 
and ground-based abservatories to search 
for incoming asteroids. If that happens, it 
wil just bea matter of time before tickets go 
‘on sale for the next death plunge event! 
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ASTEROID DAY 


Get set for 


On June 30, 2015, the 107th anniversary of the Tunguska 
event, Asteroid Day will mark a milestone in worldwide 
awareness of the dangers of near-Earth asteroids 

by David J. Eicher 


OID ne 
ASTER ence, streamed onto the Internet, 
Satcing a rock eta, a Simanakt, 
sod ecomclogi, Gn Deassber 
3.201 atthe Sclence Museum in 
Tandon, Bin May, antploelct ond 
usta fonader ond gitar Giga 
Richuos, prodnees aa decay ofthe Als 
51 Degres Norland Lord Martin Rees 
Amvanomer Royal fir Eegland, tien 
They eked fa global pericpetion 2 
*Aseratd Dey ve even tool fane 
30,2015, the 107th anniversary af the 
TNhgunts creo plone ceed WF 
foecetng oneal or onrgt tat fered 
amore tans 600 suai 000 guest 
Idlantctes)affesteang the Pod 
aagaya Tuagaiia Row contr 
Siberia Aster ys sinter 10 
BD rescvaceness shout the threat om 


EROIDDAY 
TEROIDDAY.ORG 


‘Queen guitarist and astrophysicist Brian May speaks alongside fellow Asteroid Day founders Earth-crossing asteroids. The trio read a 


‘Lord Martin Rees left) and Grigor ichters (enter) a1" 


Apollo 9 astronaut Rusty Schweickart announces 
the launch of AsteroldDay at an eventin California, 


Mark Boslough of San 
in New Mexico used supercomputers t 
the fireball from anasteroid exploding in Earth's 
atmosphere, Seehis story on “death plunge aster 
lds” on p. 28, ws wrron sono cisan 
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declaration about the danger our planet 
faces from impacts by small solar system 
bodies, a document signed by 100 impor 
tant scientists, astronaut-explorers, entre. 
preneurs, and celebrities. They described 
activities that will take place this June, and 
they started a movement to raise aware: 
ness of the danger from small bodies in the 
solar system, 

‘Mainstream planetary scientists have 
climbed on board the Asteroid Day band- 
wagon. “Near-Earth objects are the left 
over bits and pieces from the early solar 
system formation process, and they are 
among the least changed members of that 
system,” says Don Yeomans, recently 
retired after a distinguished career at 
NASA’ Jet Propulsion Laboratory. 


David J. Eicher iseditor af Astronomy, 0 
signatory ofthe 100x Asteroid Day Declaration, 
‘and Asteroid Day's editor-in-chief. 


‘An airburst over Siberia in 1908 leveled trees 
‘over an area four times the size of Lake Tahoe 

land created a shock wave that threw residents 
inthe air dozens of miles away. cousnuntoranin 


“Although such objects may have contrib. 
uted organic materials that could have 
established life on Earth, Yeomans reminds 
us they also could extinguish lif. “If we 
don't find them before they find us, we 
‘may not even have a future,” he says. 

Rusty Schweickart, Apollo 9 astronaut 
and champion of the concept of planetary 
defense, fels passionately about the event. 
"Asteroid Day is a wonderful opportunity 
for those of us who have been working on 
preventing asteroid impacts with Earth,” he 
says, “June 30 is a special day on our calen: 
dar because it marks the day when, just 
‘over 100 years ago, an asteroid impact dev- 
astated 800 square miles of Russian forest. 
Happily, there was no city there as it would 
have been similarly devastated.” 

“But asteroid impacts lie outside the 
Intuitive experience of everyone on the 
planet,” says Schweickart. “So to help out 
‘with introducing asteroid impacts and 
planetary defense to the public, we've 
formed an expert panel to see that only the 
latest, best information gets passed on via 
‘Asteroid Day. This isa fun and fascinating 
subject and ultimately critical to the long- 
term survival of life here on Earth.” 

The panel consists of Schweickart, 
Yeomans, Mark Boslough of Sandia 
National Laboratories, Peter Brown of the 
University of Western Ontario, astronaut 
and planetary scientist Tom Jones, and 
planetary defense specialist Debbie Lewis, 

The founding partners in the Asteroid 
Day movement are many, including the 
“Association of Space Explorers, Astronomy 
‘magazine, the California Academy of 
Sciences, Films United, the Museum of 
Flight, the Museum of Natural History in 
Vienna, the Planetary Society, the Sentinel 
‘Mission, and the Starmus Festival, 


ing out across. a4-mile (Sk) 


‘The impact that created Meteor Crater in Arizona would have sent 900 mph (1,450 km/h] winds blast- 
ius, instantly killing any creaturesin thearea, win cuss, 


ASTEROID FREQUENCY 


Asteroid size Result TNT explosion equivalent Frequency 
Téteat Sm Bright fireball TOKlotons 3 years 

2 feet 25m) Rirburst event Tmegaton 200 years 
Y6ATeet (50m) Tocal devastation TOmegatons 2,000 years 
‘46 feet (140m) Regional devastation 300 megatons 7201000 years 
385 feet(300m) __Continentaldevastation 2,000 megatons 70,000 years 
11970 feet (600m) Widespread devastation 20,000 megatons 200,000. 
Gémile (km) ——<Globalcatastrophe 100,000 megatons 

Thales hem) ‘Global catastrophe _10milion megatons 30 milion years 
Smiles (10km) ‘Mass extinction 100million megatons 100 milion years. 
Source: Asteroid Day expert panel 


Alive stream of Asteroid Day activities 
will be aired online June 30, The organizers 
expect to have a variety of science-related 
content in the program on that day. Please 
check the website, wwwaasteroidday.org, as 
the day approaches. Recently, I wrote an 
expansive story about the realities of near 
Earth asteroid impact dangers. It isan 
online exclusive, and you can read the entire 
story at www-Astronomy.com/asteroids. 

The risks from near-Earth asteroids are 
real, And the effects of an asteroid impact 
on Earth vary wildly with the size of the 
Impactor, so the data about what's out there, 
which is still partially unknown, become 
critical. Understanding the risks from aste 
roid impacts on Earth isa pretty young 
exercise, as isthe case with much of astron- 
omy and planetary science. We now know 
that future dangerous impacts will happen, 
though they may be many years away. 


Wu. Ast 


From planetary scientist's view, how. 
ever, it would be grossly negligent to avoid 
completing as thorough a survey as pos 
sible of all the space rocks in Earth- 
crossing orbits and understanding other 
small bodies farther out in the solar system 
that could come our way. 

It is an insurance policy for planet 
Earth. We should not be alarmed as con- 
cerned human beings. But we should be 
determined, informed, and on the clock, 
keeping track of solar system bodies and 
their movements. One day these debris 
will interact again in a big way with our 
planet. Perhaps we will discover incoming 
asteroids and be able to divert their course 
before disaster strikes. We surely will want 
to be ready when that day comes. Any- 
thing less would be a reckless misuse of 
the knowledge aur species has worked so 
hhard to gain. @ 
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MARTIN RATCLIFFE and ALISTER LING 


4 
July 2015: Venus dazzles at dusk 


Brilliant Venus passed to the upper right of Jupiter after sunset March 12, 
2012. The two planets repeat their close encounter in early July. .a.0 


Apairofdazaling planets > Ab 


Venus Jupiter 


¥ 
July 1,1 hour after sunset 
Looking west 


‘Venus and Jupiter lie within 1° ofeach ather July 1. Coincidentally, both 
then appear 32" across through a telescope, au stusnuron aon ttn 
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Ito stands front and 
center during July. 
Not only is the New 
Horizons spacecraft 
swooping within a few 
thousand miles of the dwarf 
planet's surface — bringing 
humanity its first close-up 
views — but the distant world 
also reaches its annual peak in 
Earth's night sky. Observers 
with 8-inch or larger tele 
scopes should be able to 
track it down, 

But the solar system offers 
plenty of brighter fare as well 
‘Venus and Jupiter continue to 
dominate the early evening 
sky while Saturn climbs high: 
estin the south before mid: 
night. During the morning 
hours, Uranus and Neptune 
become tempting targets 
through binoculars. And 
finally, it’s worth taking a 
few minutes to view Mercury 
before sunrise in early July 

Anyone with a clear sky the 
evening of July 1 can't help but 
notice Venus and Jupiter. The 
dazaling planets stand side by 
side in the west with just a Full 
Moon's width between them. 
Venus shines at magnitude 
4.6 and Jupiter at magnitude 
-1.8, Only the Full Moon itself 
— climbing higher in the 
southeastern sky this evening 
— appears b 
way, July brings the 

two Full Moons in 


a calendar month — since 
August 2012. July’ second Full 
Moon occurs on the 31st) 

As twilight descends, the 
two planets seem to grow more 
brilliant in contrast with the 
darker sky. They hover 8° to the 
lower right of Ist magnitude 
Regulus, Leo the Lion's bright: 
est star, which forms the base of 
Leo’ Sickle asterism. 


© Vise tothe naked eye 
A Vise with binoculars 
FF Vilblewith telescope 


The planet pair remains 
visible for about two hours 
after the Sun sets in early July 
During the next few weeks, 
Venus moves southwest (left 
as seen from mid-northern 
latitudes) ofits companion, 

By the 9th, 4° separate the 
two, Venus then shines at 
magnitude ~4,7, the peak 
brightness for its current 
evening reign. 

The two planets and Reg 
ulus create an ever-changing 
triangle during July. On the 
Isth, a slender crescent Moon 
joins the scene to create a 
perfect picture opportunity 
All four objects lie within 
6" circle, with our satellite 
less than 1° from Venus. And 
‘on the 23rd, both Venus 
and Jupiter appear 4° from 
Regulus. The trio sinks into 
bight twilight by the end of 
July, setting within an hour 
of the Sun, 

A telescope reveals elec: 
trifying changes in Venus 
appearance this month, As the 
inner planet prepares to pass 
between the Sun and Earth in 
August, it draws closer to our 
world while turning its illumi. 
nated hemisphere away from 
us. Its apparent diameter 
‘grows by some 60 percent — 
from 33" to 52° — while its 
phase dwindles from 33 per 
‘ent to 7 percent lt 

Details in Jupiter's atmo- 
sphere become harder to see 
in July as the planet sinks 
loser to the horizon. A lower 
altitude means its light passes 


Martin Rateliffe provides plane 
tarium development for Sky-Skan, 
Inc, from his home in Wichita, 
Kansas. Meteorologist Alister 
Ling works for Environment 
Canada in Edmonton, Alberta 


\GMOON 
No glory for Galileo 


“The Moon isa world unto itself, 
but humans have dressed its 
face with an honor rol of great 
scientists and philosophers in 
Earth's history. Generally speak 
Ing, the bigger the name, the 
‘more impressive the feature, 
With the most staking reserved 
far thase luminaries ofthe pre 
telescope age. 

But the great Italian scientist 
Galileo Gallei must have rubbed 
lunar cartographers the wrong 
way because his’ crater (Gal 
Ine) is only half the size and 
much less prominent than the 
‘one named for his friend and 
student, Vincentio Reinier 
(Reines). Appropriately the two 
craters appear near each other 
In the large western “sea 
named Oceanus Procellarum 
Look for them due west of 


through more of Earth’s tur 
bulent air, reducing an image’s 
sharpness. The best views will 
come in late twilight, roughly 
45 minutes after sunset, in the 
first half of the month, 

Tracking Jupiter’ four 
bright moons proves much 
easier, All orbit in the same 
plane, which currently tilts 
‘edge-on to both the Sun and 
Earth, This means the moons 
themselves can occult or 
‘eclipse one another. Although 
these so-called mutual events, 
have been occurring since 
August 2014, the observing 
window is closing quickly. 
The last one comes in August, 
but by then Jupiter will be 
hopelessly lost in the Sun's 
glare. This means early July is 
your last chance to witness 
cone of these intriguing events 
until the satellite orbits align 
again in six years. 

Pethaps the best such event 
for North American observers 


— Continued on page 42 


Copernicus, the dominant large 
‘rater with the prominent rays 
just north of the lunar equator. 
Gallae! spans 10 miles and 
shows a sharp rim. It formed 
‘well after the heavy bombard: 
‘ment and huge lava floods that 
characterized the eatlier parts of 
the Moon's history. Reiner lies to 
Its neighbor's southeast and 
appears equally fresh 
‘As evening arrives In North 
‘America on July 28, the waxing 
{glabous Moon stands high in 
the south. The lunar terminator 
the line dividing day from 
right on the Moon — then cuts 
right through Galilael about 10° 
north ofthe lunar equator. if 
light from the bright disk both 
fers your eyes, usea darkfiter to 
reduce the glare or pump up the 
‘magnification to spread out the 
light and reduce its intensity. 
The best overview of the 
tegion comes the following 


METEORWATCH 


There's a bad Moon on the rise 


Galllaeiand Reiner 


‘Thelava fields of Oceanus: 
craters Gallaei and Reiner. cows. 


evening (July 29) when the 
scene closely matches the photo 
above. The Sun then les higher 
Inthe lunar sky, so especially 
reflective features can catch the 
eye. Look fora curious white fea 
ture, Reiner Gamma, between 
Galllael and Reiner. Observations 


ocellarum make anice backdrop for impact 


during the Apollo missions con: 
firmed that this s nat a topo: 
‘graphic feature but, similar to 
other white splotches on the far. 
side is highly magnetic. Lunar 
scientists have yet to reach a 
consensus as to what Reiner 
‘Gamma is oF how it formed. 


Southern Delta 
Aquariid meteors 


Active Dates: ly 12-Aug.23, 
Peak ly30 


Jal features several meteor show: 
rs, though none rises to major 
status. The Piscls Austrinids and 
‘Alpha Capricomids each deliver a 


‘maximum of five meteors per hour 


at thelr late July peaks, though 
Southern Hemisphere observers 
have better views 

The month’s best performer 
{s the Southern Delta Aquatid 
shower, which typically produces 
15 to 20 meteors per hour. Unfor: 
tunately, it peaks the morning of 
July 30, just one day before the 
‘month's second Full Moon. The 
shower does maintain its peak 
level for several days, however, so 
you'l likely get a better show if 
you watch in the hour or two 


between moonset and the start af 


‘morning twilight July 27 and 28, 


Southern Delta Aquariid meteor shower <> 


Moon at peak Full 
Maximum rate at peak: 
Témetecsshou 


Eni © 


DELPHINUS 


Ridiant™ 


eFémalhaut 


July 30,44 
Locking south 


on and peak visibility July 6, 


Capricornus 


‘Although Full Moon interferes with July's top meteor shower, observ- 
‘ersshould spy some “shooting stars" on the month's final mornings. 


when it glows at 
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How to use this map: This map portrays the 
sky as seen near 35° north latitude. Located 

inside the border are the cardinal directions 
and their intermediate points. To find 


Stas, hold the map overhead and : 5 
‘lent so one of the labels matches . 

the direction you're facing. The NE 

rs above the maps horizon . 0 
‘now match what's in the sky. * og SHeiod * 
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hhow the sky looks at: 
midnight July 1 

Ta duly 15 

10a July 31 

Planets are shown, 

at midmonth 
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‘STAR COLORS 
‘starselor depends 

‘oils surface temperature. 

“© Thehotest starshine ue 
1 Sight cooler stars appear white 
6 Intralot stars ike the Sun glow yellow 


© Lowertemperature starsappeararange ety Ss 

stevens (Siconus| cas 3S 

amor stcatic oe lr \ 3 
‘ects obey ape yo oo 


‘se opel aid to gather mor ight 


Moan phates inthe calendar vary 
due tothe distance from Earth 


JULY 2015: 


‘MAP SYMBOLS 


‘ r, “5 Open cluster 
Zt © cba csr 
: : 11 tse nebula 


S\Nw © Planetary nebula 
Galaxy 


- 
d 
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Calendar of events 
1 Venus passes 04°southof 18 The Moon passes 4" south of 
Jupiter 1048, EDT ‘per, 2, EDT 
FullMoon occurs at ‘The Moon pases 04" south of 
1020 a, EDT Venus, 92a EDT 


5 TheMoon sat perigee (228101 21 The Moon sat apogee (251,553 
tiles fom Earth), 252504 EDT miles from Earth), 7202 ax, EDT 


6 TheMoon passes 3*north of 23 Venus sstatlonay, 2 Ax EDT 
Neptune, 4 aM EDT 
Mercury iin upelor 


Pluto sat opposition, Conjunction, 3p EDT 
noon EDT 
24 ay Fest Quarter Moon 
Earths at aphetion (94:5 occursat 1204 Au. EDT 
millon miles fram the Su, 
401 DT 25 Asteroid Ceres is at opposition, 
4 Anh EDT 


SPECIAL OBSERVING DATE 30 Southern Delta Aquaria 
'9 Venus gleams at mag meteor shower peaks 
nitude ~4,7 today, the 
brightest itgets during | 31 @ Full Moon oceursat 
this evening apparition, 643 A. EDT 


Venus passes 6 south of 


2 12 TheMoon passes09"nomthof nites EDT 


‘debaran, 2a, EDT 


: 1S @@ New Moon occurs at 


‘sw 924M, EDT 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT www.Astronomy.com/starchart, 


| PATH of tie 
PLANETS The planets in July 2015 


. 4 Objects visible before dawn 


San main 
i, PSC 


% ae , Ss Pluto appears atits best 
d ‘Asteroid Ceres reaches | | [fortheyenr neal uly 


opposition uly2s | | % rs 


COOOCOHOOOCOC® 
@ee; 


The planets tes itustations show the size, phase, and orientation af each planet and the two brightest dwarf planets 
ri forthe dates in the data table at bottom, Souths atthe tp to match the view through a telescope 
in the sky 


Se 


Mercury 


sotum Neptune Plito 


Supiter 


Planets MERCURY VENUS MARS CERES JUPITER SATURN URANUS NEPTUNE PLUTO 


TORO0.8m | 6hS8.8m | 2036.8m |9h46.6m | 15h462m | 1h15.7m 
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‘Thismap unfolds the entire night sky from sunset (at right) until sunrise (at left, 
‘Arrows and colored dots show motions and locations af ola system objects during the month. 


‘Objects visibigin the evering OPE*Tehister, 


-«D Globular cluster 


use nets 


“Placa 


To locate the Moon nthe sky, drawaline from the phase shown forthe day straight up tothe curved blue line. 
Note: Moons vary in size duet the distance from Earth and are shown at 0h Universal Time. 
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pPrupiver 
Trey 
Superior conjunction 
whys 
ee UN = 
\ ey Spposaon 
. Bion 
Tarth J 
ohn 
eye 
ao 
eae 
The planets Jupiter 
enane snes 
in their orbits 
‘Arrows show the inner plants & poor 
‘monthly mations and dots depict si ar 
the outer planets postions at mi \ a 
‘month from high above thelr orbits. 
| hive 


Jupiter's moons € P 


Dots display postions 


EDTon the date 


top tomatch 


ef 


Gallisto 


Europa 


Jupiter (Ganymede 


Ceres comestothe fore Ab 


MORNING SKY 


Satur (southwest) Mercury northeast) 
Neptune (southeast) Uranus southeast) 
tune (south) 
happens the evening ofJuly2. | bright as Ist magnitude 
Starting at 1029 va. CDT, Antares, the laminary ofthe 
Ganymede partially occults lo | constellation Scorpius, which 
for four minutes. (Because of | lies 13° southeast ofthe planet 
Jupiter’s limited visibility, only | Despite its proximity to 
viewers in the Central and Scorpius, Saturn actually lies 
Mountain time zones can among the background stars 
witness this event) of eastern Libra the Balance 
lo returns the favor July$ | A waxing gibbous Moon Dwar planet Ceres reaches opposition and peak visblity nate uly neat 
when it occult giant Gany passes 2" north of the planet | thenexus of constellations Sagittarius, Capricornus, and Microscopium. 
mede fr observers in western | the night of uly 25/26. 
North America. The event A telescope delivers spec Saturn also rules over a relative to one another and to 
begins at 10:18 rat, MDT and | tacular views ofSaturn and | family of modestly bright Saturn, On July 5, look for 
Tass just two minutes. Two | its rings. The planet's disk moons. Any telescope reveals | ‘Tethys and Dione just 7" apart, 
days ater, on July 7, thesame | appears 18" across in mid-July | Sth-magnitude Titan, the plan- | northwest of the planet, with 
region sees o occult Europa | while the ring system spans | etlargest satellite. It passes | Titan T' north ofthe pair and 
for five minutes commencing | 40° and tilts 24° to ourlline of | due north of Saturn on July6 | Rhea 44° westof Tethys. On 
at946 rs, MDT sight, Any instrument should | and 22 anddue south on the | the 1th, Tethys, Dione, and 
Saturn stands roughly 30° | reveal the Cassini Division, a | 13thand 29th. A 4-inch scope | Rhea forma straight line 
above the southern horizon | slim black gap that separates | also reveals 10th-magnitude | extending northeast from 
as darkness falls in July. The | the outer A ring from the Tethys, Dione, and Rhea, Saturn, with Titan well to 
ringed planet shines at magni- | brighter B ring. Look carefully | which all orbit closer to Saturn | their southeast 
tude03atmidmonthandis | and youalso might glimpse | than does Titan. ‘The outermost bright 
the brightest object in this part | the gossamer-thin C ring Each night these four moon is lapetus, which takes 
ofthe sky, Itglowstwice as | close tothe planet. ‘moons change positions 79 days to revolve around 


COMETSEA 
A comet with a split personality 


The comet drought ofthe past Comet 141P/Machholz beckons. 


few months iscomingtoan _Ever since Don Machholz ds: 
fend. Although none of July’s covered it in 1994, this loosely 

Icy vistors reach naked-eye vis- packed ice bal has been break 

‘bllity, telescope owners could Ing upand flaring. Of the five 

{get some nice views. Observers original components, only two 

‘on each side of the equator came back in 2000 and just one 1e 
hhave something to follow this was seen in 2005. The comet . = 
‘month. To the south, Comet _hid behind the Sun at its 2010 3 vers 
Catalina (C/2013 USI0) should return, so no one observed it. Fj TRIANGULUM 


glow around &th magnitude as Will there be anything left this, 
Itflles with the birds in Phoenix, time, or will we witness a spec: 
GGrus,and Tucana. Astronomers tacular final breakup? 


hope the cornet nil be nice During July, Machholz covers this periodic comet remains intact, it could deliver nice views when it 

binocular object —and perhaps alarge strip ofskyfrom Pisces passer galaxy NGC 92S andthe California Nebula (NGC 1499) 

become visibleto thenaked to Perseus. Visual observers 

eye —for narthem observers in should wait unt New Maon on lies near 4th-magnitude Gamma July 26 and 27 when the comet 

December and January. July 15/16 and use an 8:inch or (7) Trangulland 10th-magnitude slides through the northern 
Inthe Northem Hemisphere, larger instrument to huntfor spiral galaxy NGC 925. An even _part ofthe California Nebula 

the fainter but fascinating the comet before dawn. Itthen closer celestial encounter occurs (NGC 1499) 
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Ganymede occults lo 7% 


Ganymede 


July 2, 1025 ps. COT 


Saturn. It passes 2.2’ south of 
the planet July 16 and spends 
the fest of the month heading 
toward a greatest western elon 
gation in early August. When: 
ever lapetus lies well west of 
the ringed world, its brighter 
hemisphere faces Earth and it 
glows at 10th magnitude, 
When the moon is far east of 
the planet, as itis in early July, 
it appears just one-fifth as 
bright. You should be able to 
track lapetus’ growing bright. 
ness if you follow itall month. 
People will long remember 
July 2015 as the month when 
humans got their first close 
up look at Pluto, The New 
Horizons spacecraft flies past 
the distant world July 14 and 
should be returning extraordi 
nary views to eager scientists 
all month. By a stroke of luck, 
Pluto also reaches opposition 
and peak visibility this month, 
Observers with 8-inch or 
larger telescopes can track 
down the 14th-magnitude 
point of light. For viewing tips 
and detailed finder charts, see 
“Hunt the last planet” on p. 46. 
When the International 
Astronomical Union reclass: 
fied Pluto as a “dwarf planet 
in 2006, they also added the 
largest asteroid, Ceres, to this 
new group. Remarkably, both, 
objects reach opposition this, 
month while under the intense 
scrutiny of a visiting spacecraft 
(NASA's Dawn probe in the 
case of Ceres). The asteroid is 
far easier to spot, however, 


‘Only afew more mutual events occur among Jupiter's moons this decade. 
‘Ganymede passes in front of loon July 2, afew minutes after this scene. 


Jupiter, 


because it glows at magnitude 
atits July 25 opposition, 
Use binoculars or a telescope 
and the finder chart on p. 42 
to track it down on the border 
between Sagittarius and 
Microscopium, 

Neptune rises shortly 
before midnight local daylight 
time and climbs highest in the 
south as twilight begins. You 
can find the magnitude 78 
planet through binoculars, 
among the background stars 
of Aquarius the Water-bearer 
Use 4th-magnitude Lambda 
(A) Aquariias your guide. 
Neptune begins July 2.1° 
southwest of the star; the gap 
grows to 2.6° by month's end, 
Through a telescope at mod: 
erate magnification, the 
planet shows a blue-gray disk 
that spans 

Although it lies just one 
constellation east of Neptune, 
Uranus doesn't clear the east: 
cern horizon until around 
2 a.m. local daylight time 
in early July. (It rises two 
hours earlier by month’s end.) 
Glowing at magnitude 5.8 
against the backdrop of Pisces 
the Fish, itis quite easy to spat 
through binoculars, Uranus 
spends the month within 0.6° 
of Sth-magnitude Zeta (€) 
Piscium and is the brightest 
object southwest ofthis star. A 
telescope reveals the planet's 
3.5'-diameter disk and dis. 
tinctive blue-green hue. 


CATINGASTEROIDS 
Pallas glides through the Strongman 


Ifyou can make out Hercules 
the Strongman in July's late 
‘evening sky, you should have 
litle problem pegging asteroid 
2Pallas, It doesn’t get much 
easier than on July 1 and 2, 
when the space rock passes 
within 03° of 3rd-magnitude 
Delta (6 Herculls, the constella 
tlon’sthird-brightest star 

The finder chart below 
should help you pick out Pallas 
on other nights. ifyou can't 
identify the asteroid quickly, a 
surefire way is to watch it move 
from night to night. Sketch the 
four or five dots closest to the 
asterold's marked position, and 
then return a night or two later 
The star" that moved is Pallas, 


Asteroid Pallas pesters Hercules 


Many seasoned observers use 
this method so they can be sure 
they haven't spotted a back 
‘ground star near Pallas’ right 
‘ess. (The 325-milewide 
asteroid dims from magnitude 
{95098 this month) On July 
11,20, and 30, Pallas passes 
clase enough to afield star that 
Itshits position noticeably in 
Just four or five hours. 

Unlike the planets and most 
‘main-belt asteroids, Palas’ orbit 
inclines steeply to the plane of 
the solar system. Notice how far 
north itis now — placing it in 
prime position for Northern 
Hemisphere observers — by 
comparing its position with 
Satuen some 40° to the south, 


Mercury shines brightly 
in morning twilight during 
July’s first two weeks. On the 
Ist, it glows at magnitude 

0.2 and stands 8" high in 
the east northeast a half-hour 
before sunrise. A telescope 
shows a disk 7" across and 
just over half-lit. The inner 
world mostly maintains this 
altitude each morning during 
July’s first week while bright: 
ening about 0.1 magnitude 


bs 


Look for Pallas within 0.3" of 3rd-magnitude Delta (6) Merculis on July 1 
‘and; you'll have a tougher search among fainter stars late in the month, 


each day. On the 7th, it 
appears 6° in diameter and 
the Sun illuminates 70 per 
cent ofits disk. Mercury dips 
deeper into the twilight and 
becomes harder to see in the 
following week. It passes 
behind the Sun from our 
viewpoint July 23, 

Mars remains lost in the 
Sun's glare theoughout July 
It will return to view before 
dawn in late August. » 


IGET DAILY UPDATES ON YOUR NIGHT SKY AT www. Astronomy.com/skythisweek, 
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TITANIC 
RAINDROPS 


Q: HOW BIG WOULD METHANE 
RAINDROPS BE ON TITAN? 
Douglas Kaupa,Colarad Springs Colorado 


‘Clouds on Titan create methane ain, causing changes on the surface 
below. The left image shows an area near the moon's equator May 13, 
2007, while the other two were taken 15 hours apart January 15,2011, 
‘The bright points in the latter two photos appear tobe low clouds above 


‘As Methane raindrops on Titan | 
could grow to be almost 
centimeter across, nea 
the size of large raindrops on 
arth (about 6 millimeters). 
‘And, thanks to Titan's thicker 
atmosphere and lower gravity, 
they would fall much more 
slowly, roughly 5.2 feet per 
second (1.6 mis the speed at 
which snowflakes fall on Earth 
(compared to rates of terres 
trial rainfall at up to 30 fs 
[9 mis). The slower speed and 
larger drops would make it 
‘easier to see that raindrops (on 
‘Titan and Earth) tend to be 
distorted and flattened by the 
atmosphere as they fall 

‘A consequence of falling 
slowly is that there is more 
time for raindrops to evaporate 
before they reach the ground, 
so the phenomenon of virga, 
seen over deserts on Earth, is 
likely much more common on. 
Titan. However, we know from | 


‘observations by the Cassini 
spacecraft thal rain does acca 
sionally reach Titan's surface. 
Cassini's cameras have revealed 
darkening of the surface in the 
wake of some of the largest 
cloud outbursts — like rain on. 
Earth darkens the ground, 
except that on Titan i's meth- 
ane rain wetting a surface cov 
ered in solid hydrocarbon 
‘material, and it takes weeks to 
months for Titans surface to 
dey out again. Astronomers 
only have seen this afew times 
foyer more than 10 years of 
‘observations by Cassini, sug. 
gesting rainfall i rare but 
intense — another parallel 
with terrestrial deserts 

Wis current 
spring on Titan, and based on 
almospheric models similar to 
those used to understand 


late northern 


‘weather on Earth, titanian fore- 


casts have called for an increas 
{ng likelihood of clouds as the 


‘Ahuman's view from an Earth-like planet around a red dwarf star might 


look something like ths artists impress 


‘of asunset on the exoplanet 


‘orbiting Gliese 667C, whichis part ofa triple star system. Astronomers, 


suspect tens of 
galaxy. 00 cic 


ns of rocky worlds orbit these small stars in our 


where rain fell recently, ass 


Sua rises higher over Titan's 
north polar seas. However, 
storms have not materialized as 
carly as anticipated. Plans are 
for Cassint to continue its mis- 
sion in the saturnian system 
until just afler the northern 
summer solstice, So we will be 
watching Titan closely aver the 
next few years to see if and 
when summer storms arrive 
And if the timing ofa storm is 
just right during one of Cas- 
sini’ close Titan flybys, its 
radar instrument could even 
detect rain asit falls, 

Elizabeth Turtle 

Jos Hopkins Applied Physics Lab 
Laurel Maryland 


Q: PROXIMA CENTAURIIS A 
RED DWARF STAR, SO 
WOULD IT APPEAR RED 
FROM THE SURFACE OF AN 
EARTH-LIKE PLANET IN 
THAT STAR'S HABITABLE 
ZONE? Kevin Alcott 
Nope inois 


As Astronomers haven't found 
planets around our Sun's near 
est neighbor, the red dwarf 
Proxima Centauri, But there's 
ood reason to keep looking. 
Most exoplanets orbit red 
dwarfs — the most common 
and longest-lived type of star 
Astronomers believe as many 
as half might have rocky plan- 
ets. And Kepler spacecraft data 
imply perhaps 6 percent could 
have Earth-sized planets in 
their habitable zones — the 


|, region where liquid surface 
water can exist. That prev 
lence gives hope for life in 
the cosmos. 


But there's also reason to 
doubt, Red dwarfs are much 
smaller than our Sun. To orbit 
in the habitable zone, an Earth- 
sized planet must huddle close 
toits host star. And red dwarfs 
‘ean be highly active, shooting 
off the kind of flares that strip 
atmospheres. The close-in orbit 
‘could cause tidal locking, with 
‘one side in constant light and 
the other eternal darkness, lit 
‘only by the abundant aurorae, 
which would serve as harbis 
‘gers of yet another solar storm, 
‘That temperature contrast 
between nightside and dayside 
also could blast hurricane-force 
winds across the planet — not 
‘exactly Earth-like conditions. 

‘The recently discovered exo. 
planet Kepler-186f might help 
settle things. Astronomers 
think it could be the most 
Earth-like world found to date 
‘The fifth planet from its red 
dwarf sun, this world might sit 
just far enough out to stay in 
the habitable zone while avoid- 
ing tidal lock. Light from the 
invisible infrared part of the 
spectrum would shine bright 
est, with a fraction of starlight 
falling in the red visible range. 
Rather than red, the light, 
would have an orangy-yellow 
‘hue because of the way our eyes 
have evolved on Earth. And any 
aliens would be very diflerent 

| too. Astrobiologists predict the 
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red. wavelet 


igth photons would 
push plants relying on photo: 
synthesis to use a wider spec 
trum for energy, creating red or 
black plants. 

But could such a world exist 
right next door? Astronomers 
are currently employing the 
Hubble Space Telescope to 
watch Proxima C 
passes in front of a pair of 
background stars. Their hope 
is that gravity from an orbiting 
planet would warp the star 
light and reveal its presence. 
The final encounter will occur 
in 2016. Here's to hoping for 
friendly neighbors 


snarl as it 


ericBetz 
Associate Etor 


Q:1F MY DOG PLUTO WERE 
SITTING ON THAT PLAN! 

JULY 14, WOULD HE BE 

LIKELY TO CATCH A 

GLIMPSE OF NEW Hi 
ZONS AS IT ZOOMS BY? 

John Cantey 

coodview, Viginia 


[As The closest New Horizons 
will get to Pluto is about 7.770 
niles (12,500 kilometers) above 
the surface. Atthis distance 

the spacecraft would be only 45 
areseconds across, around the 
size of Jupiter as viewed from 
Earth, New Horizons will be 
traveling at 8.6 miles per sec: 
‘ond (13.8 kimi) relative to 
Pluto, meaning it will zip 
through the sky at 

per second, That's much slower 
than an International Space 
Station pass on Earth, but still 


arcininutes 


fast enough thatthe spacecraft 
will go from horizon to horizon 
ina couple of hours 

The real trick is how bright 
the spacecraft will be. New 
Horizons is covered in very 
reflective material, but Pluto is 
extremely far from the Sun. At 
its brightest, New Horizons only 
will be about magnitude 18, and 
then for only 
‘est approsch. For comparison, 


minutes at clos: 


A few hours 
up close with Pluto 


‘Ghara's shadow 
Pluto's shadow 


Sharon occuls the Sun 
{Tat minutes tater) 


[Charon covert approsch 
{ra minutes tater 


Plate doses approach 
so nat) 


some 7.770 miles (12,500 kilome 


ters) away from that worlds surface. Because the Sun is 0 faint in the outer solar system, a skywatcher on that 


world would stil have a tough time noticing the fyby.. 


Pfu isabout magnitude 14 | whether our star's 1-year cycle | activity and climate, and the 
Charon is magnitude 17 tyee inthe neror ofthe Sus) | ono the font burner. 
Sounlesabebassomesert- | waspresentonotherstarelike | Hisresearch dhowed tht 
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Hunt the LAST PLANET 


While Pluto takes center stage with New Horizons’ arrival, backyard observers 
can get their own glimpse of this enigmatic world. by Richard Talcott 


Plt looks 


hen astronomy enthusi 
asts look back on 2015, the 
unveiling of Pluto surely 
will rank among the high 
lights. The distant world has 
fired the public’s imagination ever since 
‘American astronomer Clyde Tombaugh 
first spotted it in 1930. An intriguing and 
enigmatic abject for most of the 85 y 
since, planetary scientists will get their 
first detailed views this July when the 
New Horizons spacecraft fies past, (See 
Principal Investigator S, Alan Stern's look 
at the science behind the mission on p. 2.) 
Coincidentally, Pluto also comes to 
peak visibility in Earth's sky during July 
Although the dwarf planet shines feebly 


Richard Talcott an Astronomy senior ed: 
tor and author of Teach Yourself Visually 
Astronomy (Wiley Publishing, 2008). 
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12a mere dot through telescope; the thrill comesin seeing the distant planet ata 


at magnitude 14.1, observers under a dark 
sky with the right equipment who know 
exactly where to look can glimpse the dim 
glow with their own eyes. Pluto reaches 
‘opposition July 6, when it lies apposite the 
Sun in our sky and stays visible all night. 
But the planet’ visibility changes so slowly 
that it remains a tempting target all month, 
To take advantage of this Pluto view: 
ing opportunity, you'll want to use an 
8-inch or larger telescope. Although expert 
observers under excellent conditions have 
spotted the speck of light through 5-inch 
scopes, the added light-gathering power 
of larger instruments makes the task far 
easier. Ifyou don't have a telescope big 
enough, consider hooking up with a mem: 
ber ofa local astronomy club who does. 
Once you've got your gear ready, line up 
a first-class observing site. For Pluto hunt 
ing, this means one that offers a datk sky 


as well as good seeing conditions. You'll get 
steadier eyepiece views if you look out over 
a grassy field or a wooded expanse. Don't 
aim your scope over areas that absorb the 
Suns heat in daytime and reradiate tat 
‘night, such as asphalt parking lots or your 
neighbor's house. 

Just asthe lights of a city or town 
can drown out Pluto’ glow, s0 to0 can 
the Moon's natural illumination. ‘ry to 
observe when out satellite is out of the sky 
preferably within a week or so of the July 
15/16 New Moon (ittingly atthe same time 
that New Horizons will be sending its most 
detailed images) 

‘Once the night you've targeted for your 
search arrives, plan to reach your site by 


sunset. Set up your scope right away so it 
can start to cool to the air temperature. In 
the hour or so this process takes, your eyes 
will adapt to the darkness 


Sliding through the Archer 
Now you are ready to search for Pluto. 
Use a dim red flashlight to illuminate the 
charts on the opposite page. Starting with 
the naked-eye view at top left, home in on 
a triangle of bright stars inthe northeast 
cern part of Sagittarius the Archer. Pi (n) 
Omicron (0), and Xi? (&) Sagittari lie due 
north ofthe handle in that constellations 
conspicuous Teapot asterism. 

Use magnitude 3.5 X# as an anchor 
to star-hop to Pluto with the help ofthe 
telescopic view (bottom). We plotted the 
planet's positions during the evening hours 
for North America. The chast shows back 
ground stars to magnitude 14.5, so you 
should be able to discern Pluto. Ifyou cant 
tell which point of light itis, sketch five or 
six stars near the correct position. Then 
return to the same field a night oF two 
later. The “star” that moved is Pluto, Don't 
expect to se the cratered landscape that 
New Horizons likely will reveal. Instead, 
simply marvel at your ability to see this 
ddim and no longer quite so mysterious dot 
from across the solar system. 


+ sacrrtatus * 


DEEP-SKY OBSERVING 


This unrelenting chain of dark nebulae 


by Alan Goldstein 


haat is the largest celes 
tial object visible in the 
sky? If your answer is 
the Orion Nebula (M42), 
the Andromeda Galax 
(M31), oF the Large Magellanic Cloud, 
think bigger. I's the Milky Way. The view 
we have of our home gala 
largest object we can see. It only can be 
seen in its entirety in space, where Earth 
isn’t in the way. Fortunately, earthbound 


creates the 


‘Alan Goldstein sa longtime deep-sky observ 
‘er who does mest ofhis telescope viewing fram 


lecations near Louisville, Kentucky. 
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cet 


r 


ur sights 


yy = 


mightily impres 


observers with dark skies and a wide 
horizon can still get an impressive view. 
And weaving among the bright stars is an 
often overlooked area astronomers call the 
Great Rift 

The Great Rift 
ning sky during summer in the Northern 
Hemisphere and winter below the equator. 
This series of overlapping dark nebulae 
stretches from near Deneb (Alpha [cl] 
Cygni) in Cygnus the Swan southward 
through Sagittarius and Scorpius before 
disappearing completel 
That’ 
large that stargazers forg 


est seen in the eve- 


‘of the sky! Its so 
about it as a 


On 


i 


ive when you know what to look for 


distinct celestial object. Many observers 
target the wonders sprinkled around it like 
gems on a strand while ignoring the unique 
splendor that defines the necklace itself. 


The reality of the rift 

Dark nebulae mark the eventual bieth 
places of stars. In addition to dust, they 
contain hydrogen, carbon dioxide, nitro 
gen, ammonia, and other molecules. They 
block visible light, making them blacker 
than the background glow of stars and the 
ionized hydrogen within bright nebulae. 
‘The Great Rift has the mass to produce a 
vast number of stats, but star formation 


‘Thisall-sky image ofthe Milky Way shows the 
‘extent ofthe Great Rift It stretches from the 
constellation Cygnus in the north (left on this 
image) to Centaurusin the south. iss 


requires a trigger (like a supernova shock 
‘wave) to get the process started. 

Because the Great Rift is nota single 
‘object, its components le at varying dis 
tances from us. Where it obscures the hub 


ofthe Milky Way in Sagittarius, the cloud 
is closest, about 300 light-years away. This 
distance increases as one moves north, In 

‘ygnus, it approaches 3,000 light-years. As 
the distance increases, the width and 
sharpness of the nebulae’s borders increase 
That's why it splits our galaxy more con: 
spicuously in the Swan. It helps define the 
spiral arm where the Sun resides 

The Great Rift has heen an object of 

admiration as long as humans have gazed 
at the night sky in wonder. In some cul 
tures, such as the Inca and Aboriginal, 


The region around the star Sadr (Gamma [] Cyon) is where the Great Rift begins te divide the Milky 


Way into two streams. 


In Aquila, the open clusters NGC 6755 (large, 
center) and NGC 6756 ie on one side of the Great 
Rift, but much farther from us. 


dark nebulae actually defined some con. 
stellations, But itis surprisingly rare to find 
observational descriptions ofthe rift in 
literature, The only comment T. W. Webb 

ade in his 1859 classi, Celestial Objects 
for Common Telescopes, i slim: “The 
Galaxy near Gamma [Cygni] begins to sep 
arate into t 

Te best way to take inthe in 

ofthis unlit objects 
Find the darkest skies available, and get a 
reclining chair or blanket so you can relax 
and look up. Watching the Mil 
ascend under a truly dark sky is memo- 
rable, The Great Rift seems to “delay” our 
rising galaxy as if only a portion sneaks 
above the horizon — then it darkens — 
nad time. 


reams, 


only to climb a se 


The combination of emission nebula NGC 6820 
and open star cluster NGC 6823 are visible only 
bbecause of openings within the Great Riftin the 
constellation Vulpecula. coun: 


‘The undulating border between the 
“solid” milky granulation of distant stars 
and the charcoal nebula is best observed 
through binoculars. Using both eyes is a 
boon when you sweep back and forth, 
allowing for the light-sensitive rods to pick 
up details. The foreground stars between 
the Great Riftand 
try to ignore them and concentrate on the 
contrast of the background, 

The du 
the Cygnus Star Cloud, where it is a tight 5° 
thick. Clipping Sagitta, then nicking Zeta 
(6) Aquilae, the Great Rift dramatically 
broadens into Ophiuchus, west of the 
Scutum Star Cloud, where it becomes an 
wide (which equals the 
space from your thumb to your little finger, 


tribute evenly, so 


louds meander from east of 


impressive 2 
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‘The widest ection ofthe Great Rift lies inthis impressive region of emission and dark nebulae. The bright area tothe rightis the Eagle Nebula (M16), the 
‘Swan Nebula (MI7) lies at center, and the small dark nebula Barnard 92isto the left.» 


both extended at arm’s length). It becomes 
les distinct in Sagittarius, where itis clos 
est, breaking up into overlapping clumps 
High-resolution imaging reveals that some 
of the rftis dark cirrus-like nebulosity 
across the center of the Milky Way above 
the galactic plane 

Using a rich-field telescope with low 
‘magnification can open a wealth of detail. 
You'll find places where the background 
Milky Way subtly dims because of fore 
ground dust, while other areas have 
sharper edges. Use star charts that define 
the Great Rift to determine for yourself 
hhow closely they match yous observation, 


Dissecting the dark 
Starting from the distant reaches where 
the Great Rift terminates near Deneb, 


emission nebulae ranging from the North 
‘America Nebula (NGC 7000) to the 
Gamma (7) Cygni complex surround it on 
two sides. The motley open cluster M. 
appeats to be in contact with it but lies 
beyond ata distance of 4,000 light-years, 
Dropping south from Cygnus into 
Vulpecula the Fox, open cluster NGC 6885 
and the Dumbbell Nebula (M27) follow the 
Great Rifts southern edge. The former is 
about 2,000 light-years away on out side of 
‘The tho (p)Ophiucht region which winds through the constellations Ophiuchus and Scorplus,is per. ‘M€ darkcloud, while the later is some 600 
hhaps the sky's finest combination of emission, reflection, and dark nebulae. South of here, the Great __light-years closer still. Holes in the dark 
Rift begins to break apar nebulosity in Vulpecula let several distant 
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Dark nebulosity abounds inthis wide-field 
image, except inthe center where the Small 
Sagittarius Star Cloud (M24) shines through. 


objects shine through, The nebula and 
‘open cluster complex of NGC 6823 and 
NGC. 6820 (at 6,000 light-years away) as 
‘well as open clusters NGC 6830 (5,300 
light-yeats) and NGC. 6802 (3,600 light 
years) are among the most prominent. The 

athanger or Brocchi’s Cluster (Cllinder 
399) is much closer than the rftatan est 
mated 420 light years 

South of Zeta Aquilae is a V-shaped 
darker cloud atthe front of the rift. The 
dark area pinches atthe Aquila-Serpens 
border near the large open cluster IC 4756, 
a neighbor located 1,300 light-years away. 
On the opposite side, the double cluster 
NGC. 6755 and NGC 6756 lie an estimated 
4,900 and 5,000 light-years distant, respec 
tively, far beyond any patt ofthe rift. 

‘The broadest portion ofthe dust com. 
plex lies above the galactic equator near 
Alpha Scuti and the Eagle Nebula (M16), 
The only notable deep-sky objects are a 
pair of tiny globular clusters hovering 
above and 20° northwest ofthe center of 
the Milky Way. NGC 6517 and NGC. 6539 
are 35,000 and 25,000 light-years away, 
respectively. You can spot them near the 
central bulge of our galaxy. Dense dust 
clouds dim the clusters considerably else 
they might be 2.5 magnitudes brighter. 

In Sagittarius, windows into the hub of 
the Milky Way, the most spectacular being 
the Small Sagittarius Star Cloud (M24), 
swamp the Great Rift. All that remains to 
define it are varying amounts of dark on 
all sides, The main band ofthe rift strad: 
dles M24 and open cluster M23, 

‘The nearest part of the rift spans an 
area north of Sagittarius’ Teapot asterism 


Baade's Window isa breakin the Great Rift, which allows usto see objects much farther away. lt'sthe 
brightest section ofthis image, jst above the spout of the Teapot asterism in Sagittarius. 1 wosuuyrssoce 


stretching toward Antares (Alpha Scorpii). 
Large dust clouds resemble galactic Ror- 
schach inkblots in the heavens. The famous 
‘V-shaped Rho (p) Ophiuchi nebula com: 
plex is one example. The southernmost 
part ofthe Great Rift breaks apart south of, 
Scorpius, in Ara and Norma, and disap. 
pears completely in Centaurus, 


The rift among the spiral 
The Milky Way isa puzzle made difficult 
to interpret because we ate in its midst. 
The Great Rift spans several arms. We are 
located in the Orion Spur, between the 
Sagittarius and Perseus arms. The Cygnus 
Star Cloud appears bright because we are 
Tooking down its length, much like street. 
lights look in front of or behind the driver, 
\wheteas the closer lamps appear to be 
more widely spaced. The dark split is more 
concentrated (like smoke) atthe greater 
distance, which, considering the overall 
dimensions of our galaxy, is still close. 

Other star clouds shine through gaps in 
the Great Rift. The Sagittarius Star Cloud 

part ofthe Sagittarius spiral arm, located 
inward from ours. The dust clouds break 
up to reveal openings into that arm, such 
asaround M24 and Baade’s Window near 
Gamma Sagittari (with the double globu: 
lar clusters NGC 6522 and NGC 


‘The Scutum Star Cloud is a window in 
the rift that reveals a small portion of the 
Scutum-Centaurus Arm, At the southern 
extremity of the rift is the Norma spiral 
arm. Behind itis the Milky Way's bar- 
shaped central hub, We would have a much 
better view of the spiral structure ifit were 
not obscured by dust, much like an high: 
way interchange on a foggy night. 


Capitalize on a dark sky 
When you observe the Milky Way from 
Cygnus to the southern horizon, which is 
Scorpius for most Northern Hemisphere 
stargazers, the dark nebulae forming the 
Great Rift vary in density and size. Your 
ability to discern detail depends on a dark 
sky. Ifthe galactic band is bright and its 
subtleties ate plain to see, start looking at 
the big picture. That is where the Great 
Rift shines — or rather doesn't shine! 
Stats form from dust and gas and give 
off dust and gas when they die. Your appee 
ciation of this “galactic circulation system” 
will be strongest when you see them 
together. Whether you stick with naked-eye 
observations or view through binoculars or 
a rich-field telescope itis humbling to 
think about the dynamics of our home gal 
axy and how our existence is founded on 
the interaction of gravity, dust and gas. @ 
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LUNAR OBSERVING 


CATCH 


SOME 


Turn your scope toward a crater on the Moon, crank up the power, 
and hope for illumination. by Vincent S. Foster 


alling all lunar observers, especially longtime ones. You 
probably have checked off all the major craters, counted 
ccaterlets to test your telescope’s reach, pinpointed the 
Apollo landing sites, seen the Lunar X, and more. You 
‘wonder if there are any remaining challenges on our 

satellite for you to see. Then you read this story's title and think it 

will be describing material ejected from craters that resulted after 

‘meteorites struck the Moon's surface. Not even clase, Mr. or Ms. 

Observer, meet lunar light rays 

Lunar sunrise and sunset rays are rare phenomena that become 


visible when shafts of sunlight shine through gaps in crater walls 
‘or mountains. When the time is right, generally such openings can 


Thisillstration shows the most prevalent way lunar light rays form. When 
the Sun stands low inthe lunar sky ata crater’ location, the crater floor 
lies in shadow. Abreakin the crater's wall, however, may allow sunlight 
to:pread outin a ray pattern, illuminating part of the darkened floor. 
the breakis on the opposite side ofthe crater, the ight ray willbrighten a 
region outside the crater. rcv saucy 
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cast a spike of light across a crater floor that otherwise lies in 
darkness. They happen infrequently and only when the Sun hangs 
low in the lunar sky at sunrise or sunset, 

The rays can range from thin slivers of light to triangular 
patches of illumination. And you won't always observe them 
Within craters. A few sunrise and sunset light rays form exterior to 
craters, albeit by the same process. Sunlight passes through an, 
opening and forms a ray on the dark plain (which lies in shadow 
usually because the crater wall is high) just outside a crater. 

According to lunar astronomers, a true lunar light ray is one 
that crosses up to 3° of longitude while being less, on average, 
than 4? in latitude width, Because of the combined geometry 


‘This detailed sketch of Maginus Crater shows a sunrise ay illuminating part 
‘ofthe craters floor as well asa craterleton the far wall nous casi 


‘The sketcher reported, “My attention was captured by the remarkabl 


‘the changing ilumin 


illumination of Zeno’ floor; most af it was in shadow save for anilluminated ti 
‘gular section. This was even more remarkable because of a dark shadow bisecting the easter 
ion ofthe area, madea second sketch an hour after the first. By ThOSm UT, the ray had faded considerably the narrowing illum 


inner wal of Zeno A, almost inline withthe ray. To depict 


nated section of Zeno's floor appearing duskier toward the west, and the edges ofthe bounding shadow were les distinct than before. A third abserva 


tion, made between Thé0m UT and 1h50m UT, saw Zeno's floor completely in shadow. 


involving the Sun, the Moon, and our viewing angle, they are 
usually short-lived and occur within only a two- to three-hour 
window of opportunity 

‘Although astronomers first observed lunar light rays more 
than 150 years ago, they gained popularity only in the mid-1990s 
when reports of them began appearing in amateur astronomy 
publications. Since then amateur astronomers have discovered 
dozens of craters where suntise or sunset rays shine through a 
‘crumpled or broken crater wall and create these light shows last 
ing only a few hours 

The only way to detect lunar light rays is by scanning with your 
telescope along the lunar terminator (the line dividing the lit part 
from the dark section). f you're icky, you just might spot one. For 
those who prefer not to leave it to chance, the CalSKY website 
(wwwccalsky:com) can calculate sunrise and sunset times along 
with the Sun angle to determine which lunar craters will display 
light rays and when. 

‘After inputting your geographical coordinates, you need to 
enter the date, time, and duration you wish to observe, CalSKY 
then will generate alist of craters exhibiting rays, including date 
and time of visibility, ogether with a map showing the crater and 
observer reports describing the lunar light ray. When the website 
first appears on your monitor, click on the headings “Moon” and 
then “Phenomena, Light Rays.” 

‘As of this writing, observers have identified and confirmed 82 
lunar light rays. Admittedly, some of them are really difficult to 
see. A few craters have dual entries, one each for sunrise and sun. 
set rays. Oh, and here's a note to some and a reminder to others: 
Sunrise occurs at the terminator between New Moon and Full 
Moon — in other words, when our satellite rises before sunset 
occurs on Earth; sunset at the terminator occurs between Full 
Moon and New Moon, or when the Moon rises after sunset on our 


Vincent S. Foster has been an amateur astronomer for more than 50 
‘years He chairs the Hydrogen Alpha Solar and Bright Nebulae Observing 
Programs for the Astronomical League. 


‘The smallerimage zooms nto reveal a well-defined sunrise ray in Hesiodus 


Crater, which est the left ofthe larger crater. ssrwisristouiwcar 


planet. The 21 lunar light rays that we highlight on the two Moon 
‘maps on p. 54-55 are among the most prominent 

You'll find a complete list of all 82 lunar sunset and sunrise 
rays at the website of the Robinson Lunar Observatory at http: 
tinyurl.com/lunarrays. 

‘Although observing lunar light rays yields no scientific value, 
the rarity of these events, coupled with the short time frame they 
are visible, makes them real challenges for the avid lunar observer: 
That alone is usually enough to get us off the couch and under the 
stars, So ifthe sky is clear, go catch some rays! 


STRONOMY.COM 53 


AFTER FULL MOON Theray ea modertaly rend 


shaped swath of ight that illuminates 
the crater floor. temanates from the 
southeast comer of Babbage, along the 
wall next to South rater. 


Ty to locate these luna ight ays between Last Quarter and Full 
‘Moon, Remember to only search for light rays when the specific crater 
lies near the terminator. North up. mcunacr 


BONPLAND RAY 
[Athin ray crosses the high plains 


hhalefine and extends some 15 
miles (25 kilometers) to the west 
‘where the tips ofthe shadowed 
‘peaks meet the depths of black- 
‘ness at the terminator. 


N KIES RAY 


wide swath of ight emanates 
) through a broken segment ofthe 
western rim. The light ray narrows 


bruptly (duet the position of 

a ridgeit falls on just before the 

point where t would fade into the 

terminator. Afew minutes later, the 
3 widens and spill into a sha 

low, wide trench between Mercator 

Craterand Koenig Crater. 


MERCATOR RAY 
Within Mercator Crater, asmallbut 
fat triangle making up the lunar 
light ray shines on the western rim 
justsouth of craterlt Mercator 
and directly across from crateriet 
Mercator®, 


HESIODUS/PITATUS DOUBLE RAY 
‘hiss the ray that jump-started the 
surge in interest in lunar sunrise 
and sunset raysin recent years. The 
wall between these two craters has 
deep cleft. Atsunrisethere,aray 
‘crosses Hesiodus' floor. At sunset, 2 
ray crosses Pitatus. 


} 5 cunts ray 

Theta ey islarge and ; j When the Sun ses at Carts 

cone-shaped, fans out and 4 Cater light shines through a crack 

‘extends to Vieta Crater’s west- inthe eastern wall, causing atrian- 

nal Ect torte cy the : hla atch ofilumination to cross 

tre eon shado Shecrter flor and fallonta the 
: wetter 


LONGOMONTANUS RAY 
‘Abroad shaft of light spreads SCHEINER RAY 


‘outin width from lightly west of ‘Thissunvse ray ia shor, thin shaft of 
Longomontanus Crate’s central peak light originating north and west ofthe 
‘bite floor. Because ofthe shadow the crateriet ScheinerC. Here, Scheiner As 
‘central peak casts, the light ray takes on ‘western wallcastsa shadow that forms 
‘distinctive Cshape, the southern border ofthis lunar light ay. 
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BEFORE FULL MOON Thesigtcamestom alow 


area orbreakin the western 


‘Although you might spot a lunar light ray near the terminator a any Wall of Burnham Crater at 
hase, afeve days before toa fevr days ater the Fist Quarter Moon Sunrise there. The ay then 
offer lot of prospects North sup. moxnnce ‘extends across the low plain to 
the west ofthe crater between 
itand the terminator rather 
than across the crater’ floor. 
‘BARROW RAY 


Observers have viewed athin but 
{ong shaft of light crossing the 
floor of Barrow Crater at sunrise 
there, 


HYPATIA DOUBLE RAY 
This double ray forms when sunlight 
passes through a cleft in Hypatia 
Craters eastern wall, which creates a 
‘ay shining across its floor. A second ray 
shines through a leftin the western 
wall and falls across the terrain tothe 
West ofthe cater. 


HALLEY RAY 
The Halley Crater ray occurs a sun- 
rive and sends a tick pike of light 
across the crater floor. 


PTOLEMAEUS TRIPLE RAY 
During sunrise at Ptolemaeus 
Crater, a subtle shading may 
appear. This streak of gray can turn 
into three shafts of illumination 
extending across the craters floor, 
‘which otherwise remains in dark 
‘ness. These raysilluminate the gen- 
tly undulating terrain ofthe Cayley 
Formation. 


VOGEL RAY 
A sunrise ray crosses thefloor of ‘ 
Vogel crater, starting asa thin 

triangle of light that progressively, 
thickens. 


WALTER RAY 
The Walter ray isa fairly dramatic 
shaft of ight that crosses the floor 
‘of Walter at sunset there, A gap in 
the crater wall casts spreading 

wedge of ight across the floor. At 
high power, you may see a smal 

aterlet near the gap looking ike 
a tiny crown casting three-pointed 
‘shadows across the floor toward 

the central peak, 


GEMMA FRISIUS RAY 


5 ‘This sunrise ray ithe result of a 
Daring snr a rots rata, eS breakin the eastern wall this 
a thin shaft of ight crosses floor F southern highlands crate, which 
along the north im ofthe crater. ka allows shaft of light to shine 


acrozs the crater floor and ll 
mminate the three smaller craters 
‘on Gemma Frisus' western rim, 
‘Same tiny ridges — only several 
{feetin height — cause this ray 
‘tohave afew dark bands init 

roughly perpendicular to the 


STOFLERRAY MAGINUS RAY MAUROLYCUS RAY 
Thislunarlight ay forms Thiswedge-shaped ray crossesthedark- _—At sunset, the top af Maurolycus Craters 
because ofa gapinStifler ened loor of Maginus Crater westward central peak is stillin sunlight. The ight 
Craterseasternwall.It froma breakin the eastern wall.Asyou ray appearsasa thin, bright streak 
startshalfwaybetween continue towatch, ths sunset ray will between the eastern wall andthe cen- 
craterlets Fand Kand broaden and bring more ofthe crater tral peak. 


stretches halfway across __floorintoview. 
the main rater floor. 
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Then 


Want to see the Orion Nebula’s hidden colors? First, 
take a walk outside to watch flowers in the moonlight. 
by Stephen James O'Meara 


* 


‘Tosee colorfulhebulae and 
| the faintest objetts first 
learn to obretve nature. 


VISUAL OBSERVING CAN BE 
EITHER A PASTIME OR AN 
ART. Both are fine, and it’s your 
choice. But if you desire to see 
faint stars and nebulae or fine 
lunar and planetary details, or 

if you want to penetrate the veil 
of normal vision, push the lim- 
its of your telescope, or perhaps 
one day see what no one has seen 
before, then observing the world 
around you — both in the day- 
time and at nig 


The “art” of observa’ 

You don't need to be behind the eyepiece to 
improve your observational ski 

stat right now by studying your immediate 
environment — repeatedly, until you fel 
you've exhausted your visual capabilities 
Let's start with how to use direct vision to 
improve your observing skills 

Direct vision relies on your eyes' 6 to 7 
tillion cones that work best in bright light, 
Cone cells are dense ina little dimple in 
the center of the retina called the fovea 
this small region is responsible for most of 
the eyes color perception (more on that 
Jater. Is also the location ofthe eye's 
sharpest vision. So if you want to train 
your eye to see fine lunar and sola fea 
tures, you need to master direct vision, not 
averted vision. You can do this right now, 
‘no matter where you are. 

For instance, as I write this I'm looking 
directly ata section of rug beneath my fet. 
Isa square, tan-colored Fug with an inter 
laced V-shaped pattern throughout. The 
rug as a khaki border with a tiny tear at 
‘one corner and faint stitching running 
along its inner edge. Can I see more? 

Ta find out, take second look. This 
time I see everything I noticed in my first 
Jook but in only a fraction ofthe time. My 
eyes then start looking for sox 
something I might have overlooked. The 
first thing that stands out is a tiny white 
stain in the rug near the torn corner; that 
comer is ever so slightly curled up. 

‘ook away, breathe, and then repeat the 
exercise. As before, everything I had 
noticed previously comes quickly into view. 
My eyes start probing ever deeper for finer 


Stephen James O'Meara isa contributing 
editor of Astronomy who authors the “Secret 
‘column each month, 


just before dawn and right after sunset 
ht nebulae by careful observation of flowers during 


this magical time of day.tanouscarasusoe, 


details, It works, When I look directly at 
the torn corner, I seea tiny white thread in 
it, L could go on. The point is, by repeti- 
tively studying everyday ordinary items in 
your environment, you can improve your 
direct observing techniques and apply 
them when looking through the eyepiece 

‘Medical students across the nation have 
‘embraced the fact that repetitive visual 
inspection can enhance one’s ability to see 
‘exceptionally fine detail. Universities now 
offer innovative courses to help future phy- 
sicians “learn how to look” through the 
study of art. The students repetitively 
inspect works of art to hone their critical 
‘observation skills, which could make all the 
Aifference when it comes to interpreting, 
say, an X-ray or MRI or making an accurate 
diagnosis, One study in the Journal of the 
American Medical Association notes that 
‘medical students showed about a 10 percent 
improvement in their ability to detect 
important details after taking these courses, 

Just as paintings become surrogate 
patients for young doctors, repeated 
visual observations of anything from art 
‘work to rugs can serve as surrogate tee. 
scopic abjects for you to hone your own 
‘observational skills, Next, lets look out- 
doors after sunset to help you better 
understand how your eyes work under 
different lighting conditions. 


Bewitching twilight 

The nature of observing stars with observ 
ing nature — magic happens every day in 
the open air. With so many natural phe- 
nomena occuering, it’s difficult to watch 
them all. But there's one that may be of 
particular interest to observers. Called the 
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‘See anything odd in this CT scan of a human lung? Most radiologists don’t. 
{Art courses are increasingly offered to help medical students see fine detail 


through repeated visual inspection usa ueoustin wu sk nae 


Purkin effect, this bewitching colo shift 
occurs during the morning and evening 
twilight and can help you determine how 
sensitive your eyes ae to color in low light. 
Czech physiologist Jan Evangelista 
Purkinje (1787—1869) discovered the phe 
‘nomenon in the dawn while walking and 
meditating. Ofit,he wrote: “Objectively 
the degree of illumination has a great 
influence on the intensity of color quality 
Particularly the brightest colors, red and 
green, appear darkest. Yellow cannot be 
distinguished from a rosy red, Blue became 
noticeable to me frst... Green appears more 
bluish to me, and its yellow tint develops 


with increasing daylight only.” The 
sequence happens in reverse after sunset. 

In other words, two objects of opposing 
hhues (one red, one blue) under bright light 
appear equal in intensity. But asthe ight 
diminishes, red fades while blue brightens, 

To study this color shift, I suggest going 
cout before the Sun sets and recording the 
color of different flowers, noting say, (on a 
scale of 1 to 5) how well they stand out 
against their leafy backgrounds. Particularly 
‘observe the contrast between flaming red 
flower petals and dark geeen leaves. 

Continue to observe the flowers as twi- 
light deepens, and record what happens. 


Your window to the universe 


Light enters the eye through the pupil andbhits the retina. Inthe center ofthe retinais a dimple 
«called the fovea, which gives the eye most af it color perception. So, 
solar features, an observer must master direct vision, not averted vision. srowrneiuy 


Rods Cones 


tera 


order to see fine lunar and 


Astuilight gives way to moonlight, try to record the changing intensity of colorful flowers ike those imaged here by the author. You might notice that 


You'll be observing in the magical “blue 
hour” well known to photographers because 
the sky's color creates a superluminous light 
that makes flowers appear to fluoresce. 

The blue hour starts about 10 to 15 min. 
utes after sunset and lasts about 30 minutes, 
making it more of a blue half-hour. (Yo find 
the blue hour at your location, go to www, 
bluehoursite.com) Generally, there’ only a 
brief period when the colors achieve maxi 
mum intensity but itis undeniably glorious 
under perfect atmospheric condit 
Because everyone's eyes perceive color and 
light changes differently, itis difficult to say 
exactly what you'll experience. 

Understanding the Purkinjé effect 
will help you perceive color in deep-sky 
‘objects, such as the reds and greens of 
the Orion Nebula or the pale blue and 
aqua hues of bright planetary nebu: 
la, So controversial are these colors 
at times that the only way for you to 
be certain of your observation is to 
hhave absolute confidence in your abil 
ity to perceive dim color at night. You 
ccan achieve this through visual training 
— by studying flowers and watching how 
deep into twilight you can follow their col 
‘ors and at what point they disappear. 
Repeat observations will build confidence. 


Working the night shift 
As night falls, turn your attention to one 
of the brightest flowers. Look directly at 
it,and watch how it fades. Next, move 
your gaze slightly so the flower is ust off 
center, and see how brightly it glows at the 
periphery of your vision. That's because 
the flower’ light falling on the eye's 
night-sensitive rod cells, some 120 million 
of which line the etina 

Rod cells requite 30 minutes to become 
well adapted to darkness. During that 
time, the sensitivity ofthe eye increases 
by a factor of roughly 10,000. The rods are 
densest ina ring surrounding the fovea, 
but that region is not necessarily the most 
sensitive to faint light 


eds wil fade, blues actually grow brighter inthe diminishing light. sicvinsussoucai 


Repeat this observation several times, 
being careful to record how you avert your 
gaze: Where must you look to make faint 
objects appear brightest in your field of 
view? I tend to place the object of study 
toward the upper left from the center of my 
field of view, which places my direct vision 
down and to the right — all the while, l keep 
‘my attention focused on the object of study, 
even though I'm not looking directly at it 


‘The colors ofthe cosmos seen through an eye 
piecewill never come close to those seen in 
Hubble Space Telescopeimages, but by training 
your eyes, ou can learn to see shades ike those 
{thown in this Orion Nebula sketch, 


Repetitive “averted vision” investigations 
should reveal your eye's primary retinal 
“hot spot” — a region where night-sensitive 
rods work together most efficiently to make 
ddim objects appear their brightest. Know 
ing how to position deep-sky objects (barely 
visible galaxies, dim nebulae, or clusters of 
faint stars) on your primary retinal hot spot 
is arguably the most important factor in 
making observations at the limit of vision, 
The second most critical factor is your 
confidence level. You acquite this certaint 


by passing the dim object of interest over 
your retinal hot spot repeatedly until you 
feel 100 percent confident of its reality. In 
‘my opinion, there is no middle ground; 1 
either see an object, or I don't. 


Time to zero in 
If you want to push the limits of your 
vision to is fullest — to learn not only how 
to see dim objects at night but also to eke 
cout details in them — you can practice far 
from city lights under the soft glow of a 
First Quarter Moon, 
‘When I look at flowers in the moon: 
light, {notice that they have a vasiety of 
textures. Under this peaceful ight, my 
eyes move rapidly in such a way that a 
flower starts atthe 2 o'clock position 
in my field of view, moves down and 
to the lower left toward the outer 
boundary ofthe fovea, then down 
and to the right to my 4 o'clock hot 
spot, before I rapidly repeat the 
inspection over and over: 
This sweeping process — perfected 
by observing Mother Nature — helps me 
view fine details in, say, galaxy or nebula 
through a telescope. After placing the 
‘object in my retina’s hot spot, I gently 
sweep it toward the boundary between the 
inner edge ofthe retinas periphery and 
the outer fovea. When I do, the dimmest 
sections ofthe abject disappear, leaving 
behind the brighter details. | record these 
features and then sweep the object back to 
iy hot spot, where I can see and note the 
faintest details. 

By continually sweeping the object back 
and forth across the retin’s rods and 
cones, I can critically inspect both the 
brightest and faintest regions and realize 
the objects most intricate visual secrets 
Stripped ofits veil of mystery, the object, 
surrenders itself, As Henry David ‘Thoreau 
observed, “Nature will bear the closest 
inspection. She invites us to lay our eye 
level with her smallest leaf, and take an 
insect view of its plain” 
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Vacation with the stars 


If you've got some time off. check out these great astronomy travel ideas, by Tom Trusock 


ho doesn't need to get away 
from it all once in a while? 
1 could use a break, and you 
probably could too, And 
there's no better choice for an 
amateur astronomer of astronomy enthu: 
siast than a vacation centered around the 
beauties of space and the night sky 
No matter your budget or time con: 

straints, its always possible to des 
‘memorable 


planning a big trip, you can cho 
do-it-yourself option or book a e 
package with a tour company. Whether 


you prefer an overnight stargaze at your 
avorite nearby park or a lavish observ 
ing adventure on the opposite side of the 
globe, there's something for everyone. 
While I haven't checked every one of the 


Tom Trusock isa veteran observer who lives in 
Ubly, Michigan. 
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following experiences off my personal 
bucket list, her 
astro-destinatio 


selection of some great 
s and activities to get 


your planning started, 


Guided tours 
ith a well-established company 
that manages your entre itinerary might 
st abit more but will zemove a lot of 
worry and uncertainty about 


Going 


distant locale. One highly regarded and 
well-recognized company is TravelQuest 
International. This Prescott, Arizona, 
based business specializes 
trips, cruises, and tours. Ithas a history 
of nearly four decades in the business and 
around 


n astronomical 


offers a wide choi 
the world. In addition, the company is 
working with Astronomy magazine to 
bundle noted speakers in with its trips 
You can find a lis of collaborative astro- 


of vacatior 


tours on Astronomy.com. 


pad ee 


TravelQuest offers one opportunity that 
is quite literally out of this world. While 
there are eclipse and auroral tours aplenty. 
they are now accepting flight bookings 
with Virgin Galactic, an enterprise work: 
ing hard to become the world’s first com 
‘mercial spaceline. Priced at $200,000 per 
‘of $20,000, 
cheap, but 
it would be an experience you'd remember 


seat with a minimum dep 
these early flights do not com 


for the rest of yous life. 
If yout looking for a more dawn: 
earth choice, TravelQuest has a number 
of attractive ground-bound touss for 
2015/2016. The Norway Aurora, Culture, 
and Scenic Wonders tour catches my inter: 
est, Starting in Trondheim, you'll cruise the 
fjords for four days, and then gain firsthand 
experience of Lapland culture, both now and 
from times past. Spy reindeer on the tun: 
dra, and feast in the traditional style, What 
better way to view the northern lights? 


Borrow a bigger telescope 
If you're not the type to et someone else 
do all your planning (or if your pockets 
simply arent that deep), there are many 
‘other options. Want a chance to observe 
with some extremely large telescopes? 

Out at Californias Mount Wilson 
Observatory, youl ind the lar 
scopes in the world devoted solely to public 
viewing. You can book the historic 60-inch 
reflector for visual observing in groups from 
two to 25 individuals — or go by your lone 
some. Built with funds provided by Andrew 
Carnegie in 1908, the 60-inch was the larg 
est telescope in the world for 10 years. 

Viewing here doesn’t just mean spec 

I sights; you'll also be walk 


stele 


tacular celest 


ing in the footsteps of great astronomers. 


Noted researchers including Harlow 


Shapley, Edwin Hubble, Walter Baade, and. 
Allan Sandage all used this workhorse 
scope, Reserving this treasure costs $900 


ey 


‘Yosemite's monumental Half Dome sa geologic treasure, matched only by the incredible night skies 
permitted by its remote location far from any city lights. raauoxnuc exc 


for a half-night or $1,700 for the full night. 
For an even more decadent astronomy. 

;perience, Mount Wilson recently added 
the 100-inch Hooker Telescope to their 
public viewing program, ata rate of $2,700 
per half-night or $5,000 per full night (18 
people maximum). While these rates might 
bea litle pricey for an individual, a club 
could find them more palatable. Just make 
sure to book well in advance. 

Over in Arizona, you can check out Kitt 
Peak National Observatory. Its offerings 
run the gamut from nightly stargazing ses 
sions for beginners and workshops on bin- 
‘ocular observing (the observatory will be 
happy to provide the equipment) all the 
\way up to advanced imaging and overnight, 
progra: 
tory and guide for a three-hous session. 
And if big telescopes are your thin 
sure to check out the 0,9-meter public 

ights program, which allows 


3s. You also can rent an observa: 


sitors to 


Kitt Peak National Observatory allows visitors 
observe with the 0,-meter WIYN Telescope, 
though itis also actively used as aresearch 
instrament. wuacnsn nr 


‘By night the aurora borealis will light up the sky, but 
through Norway's mountain-ringed fjords along the 


by day the TravelQuest tour wil ead you 
Arctic 


Few ofthe telescopes atop Mauna Kea allow visitors inside (though Keck does have a public gallery), 
‘but the view from the summit alone is worth the trek. 


‘observe through the WIYN Consortium 
Research Telescope. 

Venturing further afield, there's always 
Hawaii, Friends of mine spend no litle 
time bragging about the astronomical 
advantages of the Big Island and its tele- 
scopes. While there are lots of scopes 
‘on the island, unfortunately the Subaru 
Observatory isthe only facility that has 
formal public tours still available, If you're 
thinking about going, be aware you'll need 
to sign up months in advance. 

If you'te unable to make Subaru (or while 
youre already there), the Keck Observatory 
has a public gallery that describes its 
research and lets you peek at the underside 
‘of the Keck I Telescope. In addition, the 
Mauna Kea Visitor Information Station, 
located 9,200 feet (2,800m) up the moun- 
tain, is open every day of the year from 
9AM. to 10 pat, and provides free stargazing 
programs outside the visitor station every 
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ight. Ithas an online calendar of events 
that details upcoming outreach sessions 
along with a Saturday program schedule. 
But be aware thatthe drive to the sum: 

sit can be bit rough! The visitor station 
halfway up makes for an easier tek, but for 
either destination, altitude should be taken 
into account; it’s recommended that chil: 
dren under 16 do not attend, 


Stargazing in the parks 

Less expensive and a little closer to home, 
some of my favorite stargazing experi 
ences have been in America's National 
Park System. Due to the abundance of 
lights and — worse yet — the ever-popular 
camplize, with its ability to scatter smoke 
particles across sensitive optics, camp. 
grounds themselves usually are not the 
best for stargazing. However, walk down 
the path a short way, and you'll find the 
dark skies you crave. Many parks offer 


The Chacoan people paid careful attention tothe 
skies above them. Like many of the ancient cities 
lnChaco Canyon, New Mexico, Pueblo Bonito is o- 
ented along the cardinal directions so that during 
the equinoxes, the Sun rises and sets neatly inline 
with the major wall ofthe city, Chaco Canyon's 
modern observatory isthusa natural fo: 


nighttime observing sessions, typically 
geared for beginners. Usually offered by 
park rangers, often with the assistance 
local astronomy clubs or volunteers, these 
sessions are an accessible and inexpensive 
glimpse into near pristine dark skies, 
Check with the ranger station in your 
destination of choice for specific locations, 
times, and opportunities 

While we'e on the subject of observing 
in the national parks, Pd be remiss if | 
didn’t point out the following notable star- 
gazing experiences, 

The Grand Canyon Star Party, a joint 
effort between the Saguaro Astronomy 
Club, the Tucson Amateur Astronomy 
Association, and plenty of other astronomy 
clubs, runs for more than a week, tradition: 
ally in June, on both the north and south. 
tims ofthe canyon. There’s no better time 
to witness some of the most striking fe 
tures of the heavens and Earth in one place. 

While I've not been there, Chaco 
Canyon, New Mexico, is one of the few 
parks that has an actual observatory. Since 
1991, the Chaco Night Sky Program has 
been educating visitors on the astronomical 
practices of the Chacoan people from over 
a thousand years ago, as well as using more 
‘modern approaches to view the night sky. 
In 1998, the National Park Service dedi- 
cated the Chaco Observatory, and in 2013, 
the park gained status as an International 
Dark Sky Park. 

Even if there's nothing organized, 

{'ve found that bringing my own optics 

to darker skies than I have at home is an 
extremely worthwhile experience. Some of 
sy personal favorites include Yellowstone 
in Wyoming, the Badlands in South 
Dakota, and various lesser-known parks 
like Isle Royale in Michigan and Great 


Since 1984, the Florida Winter Star Party has been the ste of dark skies, 
Social and hobby experiences for stargazers from around the globe, scores 
of elescopes, and beautiful Florida weather. What better escape when 


‘The Space Shuttle Program hurtled men and women into space and brought 
‘them homeagain for 30 years, and there's nothing quite ike standing inthe 
presence of one of these engineering treasures. Kennedy Space Centr in 


you've got the winter blues? wsricnous 


Basin in Nevada. Great Basin is probably 
one of the best-kept secrets for amateur 
astronomers, Take some of the darkest 
night skies in the United States, combine 
them with low humidity, low light pollu 
tion, and high elevation, and you've got a 
recipe for heaven, While there's no deny. 
ing the grandeur of Half Dome, located in 
Yosemite National Park, California, there 
is also a distinct allure to staying a little 
‘more off the beaten path, 

If you're looking for the ultimate low. 
cost astronomical stargazing vacatiot 
be sure to check out any national or state 
forest in your neck of the woods. While it 
can take alittle searching to find suitably 
unobstructed views for observing, these 
wilderness areas can offer unmatched skies, 
and glorious isolation, Campsites are aval: 
able for a nominal fee, but amenities are 
limited. To find the national forest nearest 
you, check out the U.S. Forest Service's 
interactive online visitor map. 


Hot and cold states 

High on my bucket list is an auroral tour 
in Alaska, There are many companies 
offering northern lights experiences. Most 
offer a complete package, but doing it 


Florida has housed Atlantis since 


piecemeal is certainly an option, One of 
the most popular destinations for basing 
a trip like this is Fairbanks. Its location 
makes it pr 

ing while remaining relatively accessible, 
Some may shudder at the thought of 
winter in Alaska, with its ~40° nights, 
but spectacular aurorae make such a trip 
worthwhile for many. 


At the other end of the country and the 


thermometer, consider the Florida option, 
The Winter Star Party (WSP), hosted by 
the Southern Cross Astronomical Society 
of Miami, is one of the most recognized 
star parties worldwide. The WSP is held 
way down in the Florida Keys around the 
New Moon in February. Again, make res 
ervations and buy tickets well in advance. 
That's not all there is to do in Florida. 
Big on any asteo-nut’s list should be the 
Kennedy Space Center (KSC) at Cape 
Canaveral. KSC offers several tour 
options: the KSC Bus Tour and a series 
of “Up-Close” tours, The Bus Tour pro- 
vides an overview of the space center and 
is included with admission, The Launch 
Control Center Tour allows a peek into 
Firing Room 4, the room that controlled 
the 21 shuttle launches since 2006. The 


ONLINE RESOURCES 


ne for northern lights observ- 


Checkout these Astronomy magazine Trips & Tours: 
hhandylinksfor __ www.astronomy.com/magazine/trips-tours 

moreinformation TravelQuestIntemationak www.travelquesttours.com 
‘on some of the Mount Wilson Observatory: wwww.mtwilson.edu 


astronomy-related 
travel destinations 


Kitt Peak Visor Center: www.noao.eduloutreach/kpve 
Chaco Culture National Historic Park www.nps.govicheu 

Mauna Kea Visto information Station: www.ifa-hawall.edu/infoivis 
US. Forest Service interactive visitor map: www.fs.fed.us/ivm 
Kennedy Space Center: www.kennedyspacecenter.com 


‘mentioned. 


etirementin 2011. sso 


‘Alaskan skies puton spectacular auroral shows 
forthose brave enough toface the cold. i as 


Explore Tour includes views of launch 
pads, the Vehicle Assembly Building, the 
Shuttle Landing Facility, and more. And 
for history buffs, you won't want to miss 
the Then & Now Tous, which lets you 
explore the history of America’s space 
program, hear its stories, and even touch a 
piece of another world 

‘We take vacations to step out of our 
everyday world and experience something 
new, We take them for relaxation and 
entertainment. We take them to revital: 
ize and reinvigorate ourselves, Next time 
you takea trip, consider matching your 
getaway with your favorite hobby. What 
better choice could there be? » 
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with the 


Star Adventurer mount 


Sky-Watcher USA's mount is small, light, and accurate — plus, it won't break the bank. by Mike Reynolds 


here have been many times when 
wanted a lightweight, portable 
equatorial mount to use with a 
small telescope, Hydrogen-alpha 
(Ha) instrument, or camera when 
1 was traveling, Those accasions when I 
braved taking a larger equatorial mount, 
especially when flying, were challenging to 
say the least. My wife would look at me like 
I was crazy: one suitcase for our clothes 
and three for the mount, tripod, accesso: 
ries, and tools. When the airlines’ luggage 
scale readout maxed out, 1 knew I was in 
more trouble, 
‘Asma reliable mount for observing is 
always a nice piece of hardware to 
have if you're like me and enjoy 
‘escaping for an evening or week- 
‘end. Or perhaps you have a 
telescope and want to 


Sky-Watcher USA's Star 
Adventurer mount pro- 
vides highly portable 
option when you want 
‘todosome grab-and- 

go observing while stil, 
‘racking what you see. 
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upgrade to a mount with the ability to 
track as you observe. 


First impressions 
Sky-Watcher USA has designed and 
manufactured a portable German equa 
torial mount (GEM) called the Star 
‘Adventurer. What I saw right out of the 
box pleased me. The unit is lightweight, 
tipping the scales at a litte over 2 pounds 
(kilogram) not including the optional 
counterweight ($30), which isa shaft with 
42.2-pound weight om it. All construction, 
also was of high quality. 
The Star Adventurer 
package normally includes 
«polar scope and illumi 
nator. The one I tested 
also had some accesso- 
ries: an adjustable 
‘wedge, the counter 
weight set, anda fine 
tuning assembly for 
‘mounting a telescope. The 
Star Adventurer does not 
come with a tripod; I used 
‘medium- and heavy-duty photo. 
graphic tripods for the 
Note that Sky 
Watcher USA 
sakes two versions 
of this mount. The 
$339 Astro Package 
(the one I tested) 
hasa declination 
bracket. The Photo 
Package, which 
retails for $20 less, 
comes with a ball-head 
adapter. That accessory allows 
you to easly attach a DSLR 
Setting up the mount is 
easy. Lused the included 
equatorial wedge with the Star 


The author attached his Canon DSLR and zoom 
telephoto lens tothe mount, which caried the 


‘Adventurer GEM and the %-inch threaded 
setup. The wedge lets you adjust the mount 
to your latitude for polar alignment, a must 
for when you want to track. Just make cer- 
tain your tripod is sturdy enough that you 
don't pick up any unwanted vibrations. 

I preferred to attach the wedge directly 
onto the tripod. Yet you could use a pan- or 
ball-head tripod setup if you want. Some of 
you might even use a pan- or ball-head as 
your wedge to adjust to the North or South 
Celestial Poe. 

The mount has an excellent builtin 
polar alignment telescope. You calibrate it 
with a well-designed reticle with markings 
for both poles, making alignment easy. I 
recommend using the adjustable illumina- 
tor to light up the reticle. The mount also 
features a date dial to compensate for star 
duift over time, 

‘The mount derives its power ftom either 
four AA batteries or a 5.volt USB port. The 
specifications noted up to 72 hours of con: 
tinuous use with one set of AA batteries. 


‘Mike Reynolds isan Astronomy contributing 
editor and professor of astronomy and physics 
at Florida State College in Jacksonville 


“The motor is a DC servo type, the alu- 
minum alloy wheel gear measuses 3.4 
inches (86 millimeters) in diameter with 
144 teeth, and the brass worm gear is 0.5 
inch (13mm) in diameter. note these specs 
to support my conclusions about the qual- 
ity: no plastic parts here. 


Beyond the basics 

‘As for mounting options, several are pos 
sible, You can use a S-inch ball-head 
adapter for a camera-lens combination, 
allowing you to do tracked imaging with 
your camera, Sky-Watcher USA has addi 
tional ball-head adapters available so you 
‘an image with two cameras if you wish. 1 
am thinking ahead to the 2017 tatal solar 
‘eclipse, and this might just be one of my 
imaging setups: two cameras with lenses 
of different focal lengths on a reliable 
‘GEM like the Star Adventurer. 

‘Other optional setups include using a 
telescope with the Fine-Tuning Mounting 
‘Accessory ora telescope side by side with a 
‘camera on a ball-head. The manufacturer 
builta nice slow-motion adjustment into 
the Fine-Tuning Mounting Accessory. A 
counterweight and shaft can be used to 
balance a heavy telescope. 

Low-battery and motor-error indicators 
are also a part ofthe system. Mount track: 
ing rates include sidereal 0.5x, 2x, 6x, and 
12x sidereak; solar; and lunar. You also can 
4d time-lapse photography at various 
speeds. You can select these with an easy: 
to-see and easy-to-use control called the 
Mode Dial, This dal also turns the mount 
off, and with a built-in LED, the selected 
mode was visible in the datk 

You can use the mount either nosth or 
south ofthe equator with a flip ofa switch. 
The various options also will let you per- 
form horizontal and vertical rotation time 
lapse photography. 

(One other nice-sounding feature is the 
DSLR Shutter Conteol Cable, which con- 
nects to a 25mm three-segmient stereo jack 
built into the mount. When you use it, the 


PRODUCT INFORMATION 


‘Sky-Watcher USA Star Adventurer 
‘ype: Equatorial mount 
‘Tracking rates: Sidereal:0.5x, 2x, 64, and 
12x sidereak solar; and lunar 
Power: USB or four AA batteries 
Payload: 11 pounds (5 kilograms) 
Included: Polar scope with illuminator, 
DSLR interface for automatic shutter 
control: Astro Package comes with dee- 
lination bracket; Photo Package comes 
with ball-head adapter 
Price: $339 for Astro Package; $319 for 
Photo Package 
Contacte Sky-Watcher USA 
475 Alaska Avenue 
Torrance, CA 90503 
[n) 310.803.5953 
[wi] www skywatcherusa.com 


cable provides a preprogrammed camera 
shutter control interface for time-lapse 
photography. You will require the cable 
specific to your DSLR camera; ones for 
Canon, Nikon, Olympus, and Sony cam 
eras are available. 1 was not able to try this, 
particular component. 

You can download firmware upgrades 
to your computer at no cost. You'll find the 
latest version at wwwskywatcherusa.com, 
Once you are on the Sky-Watcher USA site, 
click the "Support Center” link. The mount 
connects ditectly to your computer with a 
mini USB cable 


Testing 

{tested several instruments on the Star 
Adventurer mount, including a 3.2-inch 
Explore Scientific refractor, a 32-inch 
Daystar SolaREDi Het telescope, and a 
Canon SD Mark II DSLR with different 
lenses. The specs provided by Sky-Watcher 
USA note thatthe Star Adventurer can carry 
‘a maximum payload of 11 pounds (Skg). All 


Explore Scientifics ED80 refractor weighs 75 
‘pounds (3.2 kilograms), well within the payioad 
limit of the Star Adventurer mount 


three ofthe instruments I mounted on the 
Star Adventurer were under that maximum, 
TThe SolaREDi was the heaviest at abit over 

8 pounds (3.6kg). And for each instrument, 

the mount performed admirably. 

In the field, alignment was quick, made 
so with the integrated polar scope and its 
illuminated reticle. The rest of the setup 
was also fast. I tested the drive under dif- 
ferent uses, from simple imaging through 
my DSLR to high-magnification observing. 
For such a light “grab-and-go” mount, L 
found the tracking to be quite good with 
few periodic errors, 


The bottom line 

Sky-Watcher USA's Star Adventurer isa 
solid, compact, and lightweight track 

ing mount with a wide array of excellent 
features and options. For an observer 

‘or imager like myself, ease of setup and 
simple operation realy prove helpful 
know the airlines will appreciate the small 
features — as will my wife. 


ter, counterweight st, and declination bracket. xen. 
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BY ERIKA RIX 


Think positive 


Thave the tendency tobe either | the basi sketch kit includes 
too light: or heavy-handed (in white) colored pencils, gl 
wth graphite when render pen, and a pastel or charcoal 
ing deep-sky objects on white | pencil. 'lLuse a sketch ofthe 
paper. Isa coin tossastohow | Fetus Nebula (NGC 7008) as 
the object might look after an example. 
inverting the sanned drawing Reaching 98" by 75° across 
to a positive image — the faint | at magnitude 107, this bl 
details could disappear, or the | ish planetary nebula lies in 
denser areas could become the constellation Cygnus the 
‘overly bright Swan, nearly midway between 
Switching to black paper Deneb (Alpha [a] Cygai) and 
eliminates the guesswork, By | _Alderamin (Alpha Cephei) 
using white media in lieu of Tes nestled just next to the Tre suthor apr NGC 7008 witha 6s rector on non-racing 
‘graphite you can create posi- | northern component of SAO Dobsonian mount sing an Oxge ite ac an sun Ps ejepe ors maga 
tveimage directly atthe eye- | 33060, striking gold and blue | <tanof25 She steched both gets ngs Gel R08 pen ae 
Piece. Along with quality black | binary star system with an 18" rtagsn paper The dameter ofthe seteh cle 35 inches andthe sketches have 
Paper and blending stumps, separation been otsedso that north a the top west othe ngs 


Through a 4-inch instru 
sent, NGC 7008 has a eres 
cent shape and several nearby 
doubles. Nodules on the 
north-northeast and the 
south-southwest rims show 
through a 10-inch telescope 
and 16-inch apertures reveal 
its magnitude 13.2 centeal 
star, along with superims 
posed stars on the western 
and eastern limbs at 13th 
and 14th magnitude 
Nebulosity contrast 
improves with an ultra 
high contrast oF 
Oxygen-II filter. 
Following atypical 
sketch sequence, add the 
brightest stars first with 
a gel pen. The colored 
penel is better suited for 
the dimmer stars because 
its waxy base produces 
fainter markings. Once the 
star field is complete, lightly 
rub the tip ofa blending stump 
through a patch of pastel out- 
side the sketch area, and then 
use it to draw the nebula 
The second sketch is ofthe 
Fireworks Galaxy (NGC 6946) 
thor observed the Frevorks Galary (NGC 6946) sings T6sneh 45 reflectoron | 1's Iocated 2" south-southwest 
-anon-rackingDobsnisn mount witha Ymm eyepiecefors maghfstion fe.” | of Eta (n) Cephet on the border 


between the constellations 
Cepheus and Cygnus. At low 
power, this face-on spiral fis in 
the same fleld of view as open 
cluster NGC 6938, just 39 
northwest, The galaxy’s high 
levels of star formation and 
destruction invoke the explosive 
displays for which i's named. 
Through a4-inch scape 
the Fireworks — at magnitude 
Sand measuring 11.5 by 9.8! 
across — isa soft have just 
orth ofa triangle of 7th- and 
Sth-magnitude stars. With 2 
1W-inch instrument, is cen 
ter brightens and the ob 
becomes elongated east to west 


A concentrated core and knot 
ted arm structures are visible 
through a 16-inch telescope, 

Drawing with pastel and 
charcoal produces a matte fin 
ish that smudges and erases 
‘easily I also has the ability 
to accept multiple layers over 
itself, That translates to sg. 
nificant contral with a blend. 
ing stump while you build up 
the structural layers of the 
Fireworks Galaxy, 

Questions, comments, or 
suggestions? Contact me at 
erikarixl@gmaileom. » 
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manufacturer 


Mount adapter 
{ML Telescopes a 
Lakewood Colorado ‘ 
MIS Tai-Nrack Motor Drive 

forthe Expire Scientific 

Twilight altaimuth mount 


provides tained tacking for 10 \) 
‘minutes or mare. It installs a 4 AY 
‘minutes and runs on eight AA ha 


batteries. tomes witha hand 
Unit featuring high-speed sew 
Ing and varlable speed. 


Price: $279 Pier 
{800.247.0304 ‘optron, Woburn, Massachusetts 
[w]www jmitelescopes.com \OptronsT-Pier combines the 


strength and stability ofa pet 
with the leveling flexibility of 
tripod. tt weighs 25.6 pounds 
(116 kilograms) and wil cary a 
20-pound (100kg) payload. The 
‘company constructed the pler 
{and leg tops out of aluminum 
and the leg extensions out of 
stainless steel 


submit a product 
e, eal mbakich@astronomy.com. 


B-inch refractor 
iStar Optical Marana, Arizona 
(Stars Phoenix WAT 204-6 Tis 
anachvomatireftactr with 
doublet objective and focal 
ft of 159. The optical tube 
includes a Willam Opts DDG 
dual speed, 360" rtaable, 2° 
tackand pinion focuser 
Price $3,765 
tu239a9e.ss1 
[wiwwwistaropticacom ae 
Astroimaging DSLR 
Malle, New York 
Seton's DSLRoptinized 


for imaging nebulae. It contains a 
36.3-megapisel CMOS chip for 

. high-resolution mages up to 
7360x4912 pixels), has an SO 


range from 200 to 12,800, and 
fers 14 shutter speeds from 4 to 
‘900 seconds, as wells Bulb and 
Time settings. Nikon optimized its 
chip for Hydrogen alpha light. 


March 2-11, 2016 


Tour BAL! and witness 
a TOTAL ECLIPSE 


with Astronomy magazine 


Experience solar eclipse trip like no other in the equatorial paradise of Indonesia. 
Immerse yoursetfin the festivities leading up to the Balinese New Year before 
watching the Moon block the Sun's light in a total solar edipse. Your tour includes: 


> Balinese rituals that few ever witness 
> Visits to stunning ancient temple gardens 
Lectures and eclipse viewing guidance from Astronomy staff 


D And much mor 


COSMICIMAGING 


BY ADAM BLOCK 


The storied sky 


People often ask how I choose 
processing techniques, Beyond 


What did Johannes Kepler, 
Heinrich Olbers, and even Edgar 
Allan Poe seein their mind!’ eye 
when they considered an infinite 
universe of stars while trying to 
reckon with the darkness of the 
night sky? This stellar field could 
represent something close, And I 
wanted the picture to communi 
cate the story of Olbers' paradox, 
hich asks why, ifthe universe is 
infinite, we don see stars cover- 
ing the sky 

‘When processing the image, 
[applied a ew more iterations 
to the deconvolution than I 
might otherwise do for a lange 
difluse object. also masked 
this sharpened image less when 
blending it with the original 
(Gee my January 2015 column 
about masks and deconvolution 
online at www.Astronomy.com! 
Block.) I then used an unsharp. 
‘mask on the entire image ata 
value that was less than the 
average profile of stars. This 
acts as an edge enhancement 
and prevents stars from looking 
“connected” and indistinct, 


the rigorous steps of calibration, 
What remains are artistic choie 
cs that blend style and editing. 
“Asking which technique to use 
next, in a cookbook fashion, 

is approaching image process- 
ing backward. Instead, ask 
What do I want the image to 
‘communicate that is thought 
provoking? In this columss, I'l 
tive two examples of pictures 


that tell fascinating stories and 
the processing decistons that 
‘gave them voice 

Globular clusters NGC 6522 
and NGC 6528 (left image) float 
amid the seemingly uncount- 
able stars toward the center of 
‘our galaxy. Here, we look 
through Baade's Window and 
see more stars than normal 
because of a break in the dust 
clouds that pervade the area. In 
addition, two globular clusters, 
‘each representing a hyperbole of 


‘stellar swarm, seream that 
stars and their sheer number are 
part of the story here 


NGC6522 (upper ght, NGC 6528 lower lf andthe mld of tars 
‘nthin ths egion ined the author to create a scene lustrating Ober 
[ated so es ttc enemas i 


Forthisimage ofthe Orion Nebula 42), the author 
‘wanted to show how already formed star win 
the coud create bubbles of ticker materi 


FROM OUR INBOX 


Corrections 
In the March issue (p. 73), we stated that Saturn's moon Fornjot 
‘has the largest orbital period in the solar systern, The current 
record holder is actually Neptune's moon Neso, which has a 
period of 9,880 days. — Astronomy Editors 


‘On p. 67 of our March issue, the correct time it would take to 
drive acar to the nearest star at 70 mph should have been 40.6 
million years. — Astronomy Editors 


We welcome your comments at Astronomy Letters, P.O. ox 1612, 
Waukesha, W!.53187;or email to letterseeastronomy.com. Please 
Include your name, city state, and country, Letters may be edited for 
space and clarity. 


also brightened the image 
aggressively. Normally, stars 
cause visual confusion (see 
June 2015's column about get 
ting the maximum out of the 
‘minimum filter) but in this 
cease we want the stars empha- 
sized. Finally, when applying 
the mask for noise reduction, 1 
vas careful that “Smoothing” 
only act on the darkest pixels 
so the faintest stars didn't dim. 
My second example isthe 
(Orion Nebula (M42, right 
image), which, even for all of 
its fame, holds untold stories 
‘The stellar winds of embedded 
stars blow bubbles within the 
clouds of gas. I wished 
to communicate 


the motion of the gases in the 
nebula, so, compared to the 
above example, I needed to 
take a gentler approach, 

[Note that sone ofthe bubbles 
shown are not centered on the 
stars. This is because the winds 
from the central stars are so 
strong that structures are blown 
back radially Indeed, a star near 
the center has developed a beat: 
liful bow shock due tothe 
‘onslaught. Any high-contrast 
processing 
high-pass filters and unsharp 
masks, reduce the translucent 
edges of the bubbles to stark 
boundaries that appear as noth- 
{ng more than texture ofthe 
nebula, So, monitor these 
structures at each processing 

step knowing that certain 
adjustments wall greatly 
impact theie appearance 


adjustments, such as 


Tn these examples, my 
background in astronomy 
helped me find inspiration to 

highlight elements in the 
images, [encourage you to find 
compelling attributes to your 
‘wn astrophotographic subjects, 
emay be that a single feature in 
the image isthe starting point, 
fr it could be that the subject 
embodies a more conceptual 
theme. With this in mind, the 
road to processing your images 
will be more direct beeause you 
will have a clear destination. 

In my next column, Lill, 
show how to create field-of-view 
indicators without specialized 
commercial software. 
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‘ea |and five circling 

‘continue to scour the Red Planet 
for signs of ancient water and 
conditions conducive to life 


itt Pea i 
Observatory’s 
second chance at life 


tty ne en 2 
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(CLASSICAL SCIENCE 
TY Shon 


360" horizon to horizon, 
(660-875-5066 


ww MeonglowTech com 


Optical Coatings. 
Parabolic Mirrors 
Testing 
Refiguring 


www.OpticWaveLabs.com| RUSISemcneren 


‘See the Universe in color live with 
MALLINCAM 


ideo CCI 
MALLINCAM.COM 


will be paid to the 


nix WXT 204-6 LT | , 4 
Deep Space 5° REFRACTOR Chesrpion first person to disprove 
Ay test mage Quake ns Cot “The AP Theory” 
oar Sa the formation of water and our solar system 
_ re 


One theory cannot be used 
to disprove another theory 
2. All facts must be verified 
by an encyclopedia 
Must include successful 
experiments and specific 


Far West Texas Ranch For Sale 

Home +/- 7240 Acres River Front Canyon Land 

Neviy enovated ful furnished. Dark Skis, 
various servation points. $2,715,000 


www Jandsotamerica.com/member/53998 


‘orcall Lenk Real Estate 713-385-3801 details 
‘One example in nature 
F must be submitted 
Follow us on Tsay 
Facebook! Comments: 


STELLARVUE 
SVS0EDS 
60mm f-5.5 
Apochromat 
STELLARVUE 
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+ Uitrasharp 

+ Superior contrast 

+ American made 
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“www.obsessiontelescopes.com 
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COMPELLING 


SCIENCE 


for curious minds. 


ne Newton's apple. 
Edison's lightbulb, 


Hawking’s 
astrophysics. 


Subscribe to Discover 
magazine and see where 


your curiosity takes you. 


DiscoverMagazine.com 
or call 
1-800-829-9132 


jg, Available in print or digital format. 
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1. TOTALITY No.1 
This wide-angle shot reveasthe 
sels Venus 

tthe upperiet 

£05 6D DSLR. Timm 28ers 
{seta 4, 50400 and Yeeecond 
exposures, taken March 
Longyearbyen, Svalbard Norway 
“Tung Tezel 


2. TOTALITY No.2 
Inthe instant before and after 


ofthe Sun 
‘diamond and the a ofthe corona ane 
‘rominencesfrm the ring. (Canan 
Markl DSLR, Som Makstov 

lens at 8, 2xtelaconera, 150800, 
Wine second expsure, taken March 0, 
2015 from Longyearbyen, Svalbard 
Norway «Tung 


3. TOTALITY No.2 
‘he Sun hangs low over the hil that 
ag Logy 
(Canon SD Mark 
sett 728150400, and 
ures taken March 2, 2015 for 
sbyen, Svalbard, Norway 
‘Tung Tezel 


Send your images to: 
‘tray Reade Gallery, 0, Box 
1612, Waukesha, S37 Please 

indude the dat and location ofthe 


image and complete photo dat: 
telescope camer ites, and expo 
sures Submitimagesby malt 
readegalleyastonany om, 
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‘4, PROUD MESSIER OBJECT 
Ween ra lentil galany 

ne 60 milion light year av 
the costllation Coma deren 
galavies flank NGC 
int and smalerIC3202 sto the right. 
[Telescope Engineering Company 
TECHOOED reactor 319, S816 ST 
"0006 CCD camera, LAG mage wth 

ure of 255 180,180, and 180. 

minutes respectively) Lee Buck 


5.DARK MAMMAL 
‘The Dophin Nebula Barnard 252 
2 cloud af dust and cold gas inthe 
‘onsalltion Scorpius the 
Eventually such objects 
starring regions (1-nch 
Telescopes Astograph at 13.5, 
Apoges Alta UGMCCD camer, RGB 


‘through each iter fi Simon 


6. RED ROVER 
Lynd ght Nebula 25 an emision 
abu nthe constellation Cygnue 


Sultan energy fam nearby tt 
“he elativey bight star at hecenter 
is magnitude 7 HD 195892 (36-inch 
Aero Tech ATOOEDT cefractor a 
Sere SF 8300M CCD camera, HAG 
image with exposures of 360 40,40, 
snd 40 minutes, rep 

“Dan Crowson 


7. LUNAR GREEN FLASH 
‘The Maon one day before ts Fi 
that, ees next o Evora Cathedral. To 
Capture the sal of there objects the 
yapher positioned himself 15 
les (2.4 klometers) aay fom the 
thecal which dates from the 12th 
uy (22 Inch Astro Professional 
080 retract at /7,Canon S00 OSLR 
1501600, second exposure taken 
January 5,201, from Evra, Portugal) 
+iigul Care 


BREAK 
THROUGH 


Recipe for 


ich two gas 
rich spiral galaxies on a 
collision course. Step 2: 
Sit back and enjoy the 
‘show. This Hubble Space 
Telescope photo delivers 
the tasty result as NGC 
714 (seen here) bumps 
Into NGC 7715 (just off 
the image's top edge). 
‘The interaction sparked 

a firestorm of star forma- 
tion that shows up in a 
brilliant galactic nucleus” 
and scads of bluish star 
clusters. Meanwhile, tidal 
forces gave birth to two 
long stellar streamers and 
{an expanding gold ring of 
Sun-like stars. NGC7714 
lies in the constellation 
Pisces approximately 100 
million light-years from 
Earth, uses 
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MOVING IN! 


C-) . AT SKY-WATCHER USA WE'RE EXPANDING OUR 
. ma J Usa LINE OF AWARD-WINNING ASTRO PRODUCTS 
7 Ss < auvshas been yr Sy HSA 
3 AT introduced alot of new product, and we have more on the way! Wee 


t very exited fo announce the Introduction of two new mounts anda 
enti ine of Maksutoy tele 


The AZ-£05 gives optima stabilly and pointing accuracy fora wide 

variety of uses. [tis atybrid mount with alt-szimuth eapablity for 

‘general Use, equatorial capabilty for astrophotography and dul-OTA. 

mode perfec for outreach. Stabe, accurate, versatle and very po 

table weighing only 33 pounds — the AZ-E05 boasts whisper-qulet 

T belt drives and dval encoders with 0.5 arc second periodic erro, 
\ With a 40-pound payload capacity, the E06 is a match for 


£06 GoTo “3 of yout favorite Sky- Watcher OTAs,Al-mtal 
constuction ensures that this mounts tron a 
Only $1,405 Stepper motors vith 1.8 step angle and 64 mito 
’ AzeostoTe Mount steps, lng wit ui perodc err correction, 


delves postonig accuracy upto one rc minute 
Only $1,350 The E06 saddle plate accomodates both V-and 
D sie dovetal plates, making tube mounting 

simple and easy 


190mm Mak-Newt .. Only $1,500 
=~ 180mm Mak-Cass. 
150mm Mak-Cass. 
127mm Mak-Cass. 
Fiozmm Mak-Cass. 


For the astronomer looking fora small 
lightweight alterative to refractrs, the Sky: 
Watcher USA line of Maksutoy telescopes 
provides the answer. For years the Maksutov 
design has delvered sharp high-contrast 
views Ideal for planetary, lunar and deep sky 
‘observing. Or forthe astraphotographer that 
wants the ultimate large aperture astograph, 
> ‘our 190mm Maksutov-Newtonian brings aver 
seven inches of ight gathering power in an 

affordable, elegant system. Wit ts bul-n corrector and knife-edge 
baffling, the Mak-Nert is bul to satisty the requirements of even the 
‘mast demanding astrophotographer 


Sky Watcher USA 


Be amazed. 
For information onal of our products and services, orto find an authorized Sky-Walcher USA dealer near you, just visi www.skywatcherusa.com. 
WB BW Don't forget to follow us on Facebook and Twitter! 


The World's Most-Loved Telescope Has Evolved 
NexStar 
EVOLUTION 


‘The First Schmidt-Gassegrain Telescope with Fully Integrated WiFi 
Celeston's Most Innovative Technologies Plus New Upgrades 
+ Control your telescope wirelessly with your smartphone 
or tablet via WiFi. } 
~ Integrated long-life lithium iron phosphate battery 
(LiFePO4) supports upto 10 hours of use without 
external power. are 
++ New features include USB charging port, adjustable / 4 4 
‘accessory tray light, improved tripod, and completely 
redesigned mount. 


+ Telescope automatically locates over 100,000 objects 
using Celestron's SkyPortal app. 


(@cELESTRON > 
SkyPORTAL. 


‘Oownload the free Celestron SkyPortal app and start 
exploring today with or without NexStar Evolution! 


DISCOVER MORE AT 


celestron.com 


MARTIN GEORGE 
a5 it ap 


September 2015: When worlds align 


September begins with a superb 
view of Mercury, cleatly vis 
ible in the western sky shortly 
after sunset, The innermost 
planet reaches greatest elonga 
tion September 4, when it lies 
27° east ofthe Sun and appears 
neatly 15° above the horizon 
an hour after sunset, The world 
shines at magnitude 0.1 and 
will be easy to identify below 
Spica, Virgo’ brightest star 

September isthe best month 
this year to view Mercury in the 
evening sky. Its relatively high 
altitude means you should have 
good seeing conditions to watch 
the planer’s changing appear: 
ance through a telescope. 
‘During the month's first week, 
‘Mercury shows a 7”-diameter 
disk that is slightly more than 
hhalf-lit. The phase shrinks to 50 
percent illumination September 
7 and then becomes a pleasing 
crescent as the planet draws 
closer to the Sun. Mercury also 
‘grows larger as September pro: 
‘gresses, reaching 9° across by 
‘midmonth, The planet soon, 
disappears in the twilight as it 
heads toward inferior conjunc 
tion on the 30th. 

Ifyou scan higher in the 
‘western sky, past Spica and 
neatly to Scorpius, you'll find 
Saturn near the eastern edge of 
the dim constellation Libra the 
Scales. Shining at magnitude 
(06 in mid-September, the 
tinged planet is the brightest 
object in this region, 

Saturn's high altitude in 
early evening makes ita spec- 
tacular subject for those with 
telescopes. The giant world’s 
disk measures 16" across at mid- 
‘month while the glorious rings 


span 37" and tilt 24° to our line 


of sight. It’s great object i'you 
‘want to introduce newcomers to 
the glories of the night sky. 

‘The ringed planet sets 
before midnight local time 
this month, You then have 
to wait several hours before 
another naked-eye planet 
comes into view. 

‘The first to appear is Venus, 
Which rises shortly before 5 ax 
local time in early September 
and around 3:30 4.x. ate in the 
‘month, Although this inner 
planet always appears bright, i 
is exceptionally so this month, 

It peaks at magnitude ~4.8 on, 
September 21 and remains 
within 0.3 magnitude of that 
‘mark all month, 

Venus' telescopic appear 
ance changes rapidly during 
September as it pulls away from 
the Sun. On the Ist, the planet 
appears 52" across and just 9 
percent lit. By the 30th, Venus? 
apparent diameter has dwin. 
dled to 34” and the Sun illumi- 
nates one-third of the disk, 

By late September, two more 
planets climb into view. Mars 
rises first, some 10° tothe lower 
right of Venus. Don't confuse it 
with Regulus, Leo's brightest 
star, which lie 3° above the 
Red Planet. Mars shines at 
‘magnitude 1.8, some 50 percent 
ddimmer than the star. 

About 20 minutes after Mars 
rises and just an hour before the 
Sun does, Jupiter pokes above 
the eastern horizon. The giant 
‘world shines far brighter (mag- 
nitude -17) than its planetary 
neighbor and will be easier to 
spot in the predawn twilight 
Binoculars will help you spy all 
these objects against the bright- 
ening sky. Unfortunately the 


low altitudes of Mars and Jupi: 
ter render them disappointing 
through a telescope. 

‘The Moon and Sun provide 
‘wo additional highlights this 
‘month, On September 13, view. 
cers with clear skies in southern 
Africa, southern Madagascar, 
and parts of the Indian Ocean 
and Antarctica will witness a 
partial solar eclipse. From 
Cape Town, South Africa, the 
eclipse is underway at sunrise 
and reaches maximum at 
sh43m UT. The Moon then 
‘obscures 30 percent ofthe Sun, 

A total lunar eclipse 
graces the skies above Africa, 
South America, the Atlantic 
‘Ocean, and the eastern Pacific 
‘Ocean on September 28, The 
partial phase begins at 1h07m. 
UT and runs until 4h27m UT. 
‘Totality lasts for 72 minutes, 
from 2hl1m to 3h23m UT. 


The starry sky 
The International Astronomical 
Union defined bordes forthe 
sky's 88 constellations in 1930 
‘They are named after real and 
imaginary creatures, objects, 
and shapes. Only some of these 
constellations have paterns that 
reseimble the things for which 
they are named, however. Crux 
the Cross isa superb example, 
as ate Scorpius the Scorpion 
and Orion the Hunter. 

Scattered across the sky are 
many distinctive groups of 
stars that are not official con- 
stelltions. Some of these so- 
called asterism form just part 
ofa lage constellation while 
others stretch across constella 
tion boundaries. A number oF 
these striking patterns adorn 
the September evening sky 


Sagittarius the Archer 
stands high in the northeast as 
darkness falls. But try observ- 
ing this constellation in an 
unusual way: Lie on your back 
with your head arched slightly 
backward so you see Sagittarius 
with north at top. This trick 
will help you see the Teapot 
asterism, a well-known pattern 
for observers in the Northern 
Hemisphere, where the shape 
appears upright. Sigma (6) and 
‘Tau (x) Sagittari form the 
‘Teapot’s handle while Zeta (C), 
Phi (@), Delta (6), and Epsilon 
(©) are the main body, Gamma 
(isthe spout, and Lambda (8) 
is the lid 

"The second asterism I'd like 
‘you to view this month is a bin- 
‘ocular object in the constella 
tion Vulpecula the Fox. The 
‘Coathanger asterism lies at a 
declination of 20° and climbs 
highest in the northern sky 
carly on September evenings. 
You can find this object some 
13° north-northwest (to the 
lower left) of magnitude 0.8 
‘Altair in Aquila the Eagle, 

Cataloged as Collinder 399 
and often called Brocchi’s 
(Cluster (after the 20th-century 
‘American amateur astronomer 
D.F.Brocchi), this asterism is 
nota true cluster but merely a 
chance alignment of stars. The 
‘grouping looks remarkably like 
‘ coathanger that spans nearly 
2°. The pattern’s brightest mem- 
ber is Sth-magnitude 4 Vulpec- 
ulae while the faintest glows at 
7th magnitude. Oddly enough, 
even though the Coathanger 
lies in the northern part ofthe 
celestial sphere it appears 
upright only to those of usin 
the Southern Hemisphere, 
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HOWTO USE THIS MAP: This map portrays 
the sky as seen near 30" south latitude. 
Located inside the border ae the four 
directions: north, south, east, and 
‘west To find stars, old the map 
overhead and arientit so a 

direction label matches the 

direction you're facing. 

The stars above the 

‘mapshorizon now 

‘match what's 

Inthe sky. 


STAR COLORS: 
Stats true colors 
depend on surface 
temperature. Hot 

stars glow blue sight- 

ly cooler ones, white; 
Intermediate stars ke 

the Sun, yellow; followed 

by orange and, ultimately, red. 
Fainter stars cant excite our eyes’ 
«olor receptors, and so appear white 
‘without optical aid. 


SEPTEMBER 2015 


Calendar of events 
1 Neptuneisat opposition sh UT 


The Moon passes 11° south of 
Uranus, 16h UT 


4 Mercury sat greatest eastern 
elongation (27°, 10h UT 


5 TheMoon passes 0.5" north of 
Aldebaran, 6h UT 


Venus stationary, 9h UT 


Last Quarter Moon occurs at 
hs4m UT 


6 Asteroid Metis is at opposition, 
3hUT 


10 The Moon passes 3*north of 
Venus, 6h UT 


‘The Moon passes 5° south of 
Mars, 23h UT 


13 New Moon occurs at ham UT; 
partial solar eclipse 


14 TheMoon is at apogee 
(406,464 kilometers from Earth), 
iha7m UT 


15 The Moon passes 5*north of 
Mercury, 6h UT 


Asteroid Ceres is stationary, 
igh UT 


17 Mercury is stationary, 13h UT 


9 


a 


23 


24 


26 


Pa 


29 


30 


The Moon passes 3"north of 
Saturn, 3 UT 


Fist Quarter Moon occurs at 
8h59m UT 


Venus is at greatest briliancy 
(magnitude ~48), 15h UT 


September equinox occurs at 
Bhim UT 


Mars passes 08° north of 
Regulus, 17h UT 


Pluto is stationary, 19h UT 


‘The Moon passes 3"north of 
Neptune, 10h UT 


‘Asteroid Juno isin conjunction 
with the Sun, 4h UT 


‘The Moon sat perigee 
(356,877 kilometers from Earth), 
thé6m UT 


Full Moon occurs at 2hS0m UT; 
‘otal lunar eclipse 


‘The Moon passes 1.0” south of 
Uranus, 1hUT 


‘Asteroid Vestas at opposition, 
3hUT 


Mercury isin inferior conjunction, 
1ShUT 


TOREAD ASTARCHANT AT www Astronomy.com/starchart. 


REGISTERED USERS GET EXCLUSIVE ACCESS! 


Enjoy! from Astronomy ~ H 
when you register online! 

+ Get a weekly email newsletter featurin: nom news, 
reader Bes and sky events. g ae": , 2 
+ Submit your photos and be inspired by ‘cbt ises. 


+ Watch exclusive videos omobserving, f Phew discoveries, 
cutting-edge science, and more. » ‘ sith o3 


+ Comment on articles and share your thoughts. _ 


F EE Register now and you'll ee a 
aft! collection of Astronomy articles 
Gi 7 to download instantly! 


COMPELLING 
Se lEN CEn 


Hawking’s astrophy: 
curiosity can lead you. 


Connect today with the ube les ideas and ¥ 
minds in science. et Bp 


Subscribe to Discover magazine and 
see where your curiosity takes you. 


